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JVLA BROADBAND LOW FREQUENCY
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Gl i « NRL and NRAO co-designed a new wideband receiver
>§ in 2010 to replace legacy system
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JVLA BROADBAND LOW FREQUENCY

U.S.NAVAL

eomion-  RECEIVER

EVLA Low-Band Reclever

* NRL and NRAO co-designed a new wideband receiver
in 2010 to replace legacy system

» Single 4 channel receiver near prime focus

* Populated 74 and 330 MHz channels
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JVLA BROADBAND LOW FREQUENCY

U.S.NAVAL

eomion-  RECEIVER

EVLA Low-Band Reclever

* NRL and NRAO co-designed a new wideband receiver
in 2010 to replace legacy system

» Single 4 channel receiver near prime focus

* Populated 74 and 330 MHz channels

1 2 3 4 S | [ | 18 | 11 | 12 | 13 | 14 | <) | 16
18: 2o [ u “l “mll o sy ol SRS L |.m~ B U] ”I. 'I ‘I,!‘I T 5 % :....il,
URLL R h L% | v 1 0d 1]
18:16 —— BEA 1IN TRRYEE ik il BRI
BETIHI THETH B. D £ : SRy i
18:08 —— B T ik B |
BTN LT Wz 1 5 1]
17 50 PR IRL L i Tt S (EE
L i gl G W
17:40 —— i wrrel 1HTH He: i~ 8 — [ B
I R & 1 1)
17:30 —— [ BT TN i SEE % —=
e o b EIVEAVEEEE, b il | R B B W e L IR
2a 64| 28 ca| 2a &4l 28 @) 28 ca| 2a &a) 28 @) 28 ca| 2a &4l 28 @) 28 ca| 2a &al 28 &4

1 2 3 4 S 18 15 16

11 12 13 14

| ! [ | l B oo via sysTEM |

50 MHz FREQUENCY 500 MHz




usnavaL | JVLA ANTENNA BLOCK DIAGRAM

LABORATORY

UTILITY RACK [P302 - FE / Converter Power Supply e
] = ~Front End Contoler . i oSt (5748 nom)
BEs. f v aroans sy " | [iar vapor madiomarer con. 303 Vertex Room Uty [W Module (1.55/0.5HS) [ [F3047305 - Downconverier C LCP e Somter 0
megton e s e W + 2W Modules o @Qr.e‘ e
o] e 1 erean
Et-Rl Lt o Ly Lo
Wl (3043 [512.5 GHz PRy it Sampler C1
I I e s 2t Sampler C2
H = a ———— :~ < a(
g £5 :m~- ¢ on ‘.”* e

(3748 nom)

|
[T304/T305 - Downconverter D LCP
[BW + 2W Modules

ounied n Cusiom Encosure n Feed Cone

om0z

ﬂ;_?wmm l m

— = s e €L-'@H Towrpar
EcAoan A i st Sampier 01
laand| | o Band| g = e amper
Feed | [ septumi = - o1 Sampir 02
H Qo BN V[ A
AT (a7dam nom)
— [T3047T305 - Downconverter A RCP JFioTn ] Bk 68 Samier A0
[BW + 2W Modules o R i1 o AI_F»—‘ .{4“9‘ 2ot
. y . i T o
s |l oo o £an o 20t Samler A2
wss ||| owe L wm@!‘l > @
I S —— :37dBm nom)
e 500 allow 12 [T304/T305 - Downconverter B RCP 71 8-t Sampler 80
[BW + 2W Modules
[ Bana st Sampior 82
Foed
(12-18 GHz) Front End ampler/DTS 1
R — } DTS Module(|”IF Data Transmission Fiber
@ Ku >0 (12 x 10 Gb/Sec Optical Links)
aand | | 550 Noso (3021 o
Feed | our R 110.8-14.8 GHz Synthesizer
L OB rosi sraus g etz
: H mucras
and (8-12 GHz) Front End| 5
— e XL1T0832 2 L
Ix gand| | X B2nc] xwtoss2  [F302- [SC Converter £
Feod | (1| G [2W Modle (25) H 0wz 2 o]
g XRITOSS <) g Timacoda P
H < g necoce Fier
—— xR2TOS41 ] —
o v <
e s st 120 042001 s 2 2048 Gz 17d8m ampler/DTS 2
2 108 o o o 2R G TV ] DTS Module
— 3022 10.8-14.8 GHz Synthesizer 3W Module (25/1HS) N t% i -
lo gang| | [ Banc] [m 3023 1051458 GHiz Synhesizer 3W Module (25/1HS) 4
an omMT 3 MUCH27 || s
Feed ||| vve [ 13024 108148 Ghz Synthesizer_3W Module (25/1HS) 305
[ mycnae Optical
— EETTRE s . 500hm IucH3t Mux
— = [307-1 12-20 GHz Synthesizer s o A
Fls sl X IF=N"512+/-128MHz[ToReT}H> 5 L
s Bana| | ST 3N [23<N<39 et {Spare] 4096 Gz -13d8m
eed HYB — [3W Module (2S/1HS) 128 MHz +2dBm)
N 5
— |E=—coow e . =P D303 mE
O g eovoe 2048 GHz-17dBm mplerDTS 3| P
| sand| |||-Band Naso f\ VirETes]  |[[301-2 12-20 GHz Synthesizer o R H
Feed ||| 2V Ethemet F=N"512+/-128MHz, 23<N<39 G ILSC Convertar 07| [eo —3
il B> Fiber Pai [BW Module (2S/1HS) N {5pars] 1§
= oo Pl o oo s
e 2 wo) myonanl| i [
{128tz o o
— — Lol el e L secreosm [300 Synthesizer Reference Generator 24t Tor 0oty T ——2
> [2W Module <= R~ 2 myony || {2
EH—K,»M T301 - 4P Converter sz 2 H
[Pecles N - 2W Module (2S) - e ooy <EE cmoeon L 2
<> o i como L oos H
" TS — B 8> ol B > :;‘ R [ —— p—
4 Bang .
[ipoles| S i T Fiber Optic Patoh Panel to Mi's IMCB Rack D304
> | St and Data Ports (Shielded Enclosure) PP 5 mpler/DTS 4)
— == e o 11Gb, 46x100Mb) Ted o TE= Vetox i g P DTS Modilg
& > Conv. [1008aseT -~ Ped Rm Analog Phone,
oo - 48 Volt DC POWER SUPPLY SUBSYSTEM 1In Pedestal Room C-| Rack) My cHe
[power 25w, et 120 o LA AC Vertex Roor
(304 -LO/Rer | [F305 - Reference Generator and Distribution TTL Lock Indicator D850 | 302 ;';ﬁﬁ‘i’,ff, | [ACUFRM Box
oz |Receiver W Module (35) {Green LED nbaciona) b Conacor = P
Tro. (W Module (28) | [ 0 st2urztoLam °
Phase (0 dBm +1-1a8) Fire Alarm 128 bz 208
95% 128 Mz o D014 POWET | rpeuz o) 1
o Round Trip ) ‘ Tinecode Fiber
v -1 - LOJIF PX
Fibe S R b e B o) ‘/1 L [M304-1 Module 1D Memory | M304-2 Module ID Memory |[V304-3 Module 1D Memory
i dstel 305 (80) [2W Module 2W Module [2W Module
Provae s [rovdes St 1Ds s e Acresss o i

[P302 Farai.F320(a, M303

ﬁj<§m MHZ10 L302(0 to +-2 dBm)

D2
ETi) oC). WK || power 1. 0028 @ 54 c W[ Power: 1w (atlow 0.024 @ 54.2 voC) wi|
o ack ed Room MIBs. o L305 -
b LOF Rk i o 0280 = o oo o ) .
" ” W = MCB Fiber Ethernet Connection Point
10 Hz to FE Rack (for Noise Diodes) [P301-2 - LO/IF Power Supply %YJU&D
izto opies) - Twinax E .5HS) . N
2021011302 Copies) - Twinax BNG W Module (1.55/0.5HS) it VLA Expansion Project
v Antenna Electronics
& BisT's
Taop Taoun
- DTS Tinasade o 5300 =) 1] 73054 13021 304 Block Diagram (w/ VLITE)
=L e o ono00 e] [ ezotoioon [
o, =l [ b weoazmn = Torr




ADDING A COMMENSAL MODULE:
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JVLA BROADBAND LOW FREQUENCY

U.S.NAVAL

eomion-  RECEIVER

* NRL and NRAO co-designed a new wideband receiver
in 2010 to replace legacy system

» Single 4 channel receiver near prime focus
— >« Populated 74 and 330 MHz channels
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Uiss’s;E'AA\\.{é" VLA LOW-BAND IONOSPHERE AND

TRANSIENT EXPERIMENT (VLITE)

 Correlates 330 MHz band for 10* VLA antennas

320<v<384 MHz

AVghan = 100 kHz

At = 2s

FoV ~ 12 square deg 5F<9<3

0.3 <0 <10 mdy/bm

Data rate: 2 GB/hr -> 5 GB/hr

On-sky wall time: ~70% (actual)

Clarke et al. (2016, 2018)

*Upgrade: 1.5 years (2016) to on-the-fly correlator capability
2.5 years (2017) from 10 to 16 antennas (working to 18)
VLITE-16 became operational in 07/22/2017

« Minimal impact on VLA infrastructure & operations

* No impact on primary observer program resources

_________________________________________



“SgEﬁXéL THE POWER OF A LOW FREQUENCY

COMMENSAL SYSTEM: SKY COVERAGE

4 years: 1,412,910 scans (24,232 hr), 71,797 images (~16,730 hr)’

VLITE 48 month 8>-40° : ~93% to > 30 s, ~50% to > 36 m, ~25% to > 3 h
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U.S.NAVAL VLITE 4 YEAR SOURCE DISTRIBUTION

ESEARC
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« Over 4 year period, VLITE cataloged 2.1 million sources (non-unique)
» VLITE catalog generated in PyBDSF and information stored in SQL database




ués,égﬁxém VLITE SLow TRANSIENTS HUNTING

LABORATORY

« Over 4 year period, VLITE cataloged 2.1 million sources (non-unique)

» VLITE catalog generated in PyBDSF and information stored in SQL database
Example: High mass X-ray binary outbursts from a bursting neutron
star orbiting (26.496 day) a Be star. Source ~1° from image centers.
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us.navaL | 1he Path to Fast Radio Bursts: FRBs
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Pulsars have been known since their discovery by Jocelyn Bell in 1967  Sariiaiasiix

« Lorimer et al. (2007) discovered a new type of (mostly) non-repeating fast purst”™ """
» Dispersion measure (DM) >> Galactic + scattering — extragalactic

« Thornton et al. (2013) identified multiple FRBs

« Many more FRBs detected since then

« FRB origins energetic phenomena, e.g.:
« Evaporating black holes (Barrau+2014)
 Magnetar flares (Popov & Postnov 2007) RS
« Cosmic strings (Yu+ 2014)
« (Super)giant pulses from pulsars /
lensing (Cordes & Wasserman 2016,
Cordes+ 2017)

« FRB importance includes:
« Measure IGM turbulence
* Probe of missing baryons and dark
energy
» Probe intergalactic magnetic fields

Search for FRB is a two-pronged attack: large etendue, low-angular resolution efforts to
collect many FRBs, and efforts to detect FRBs with low rates with interferometers.




usnava | New Impetus: Low-frequency detection of FRBs
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180725.J0613+67

DM=715.98

180727.J1311426 180729.J)1316+55 180729.J0558+56
DM=642.07 DM=109.61 DM=317.37

CHIME detection of 13 FRBs from 400

-d WA I‘
MHz to 800 MHz (Nature, 01/09/2019) L= e Wl e
- lack of scattering in some events =T e ST peae
suggest that can be detected <400 MHz :, i | s | — e
400 07_]387 08.121«»72 — aoo.1157 — 061.]0646+4
New repeater detection reported in ‘ . tins Mt ..'
companion Nature paper (01/09/2019) £ o0 T sovpeeasrim
Localizations limited to ~30 arcminutes P ag | | ey eRaT
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U.S.NAVAL
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Network
Interface

\!

Ring Buffer
(60s of
baseband
voltages)

v

Local SSD

(on trigger)
Offline FRB
localization

—>

é

GPU
Channelization
RFI Filtering
Detection
Bandpass
normalization
Polarization
summing
Time
averaging

—>

—>
Ring Buffer
(dynamic
spectra)

Disk (NFS)
Offline FRB
search
Pulsar/RRAT
search
RFI/Data Quality

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

Different technique compared to realfast, which is an
imaging-based search.

VLITE-Fast — GPU based
transient search

GPU
Transient Search
in pulse width
and dispersion

Candidates
CPU

* RFI
monitoring

» Coincidence

« Trigger




usnavae| Typical VLITE-Fast data: PSR B0329+54
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usnavaL| Same data, now looking at transient candidates
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Stars indicate candidates
with common time + DM
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U.S.NAVAL RFI Strikes
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This is the big push now, to become robust to this RFI to avoid filling up disks with
false positives.

S/N>1, W<3ms S/N>15, W<30ms ;/ S/N>30, W<300ms
S/N>10, W<10ms S/N>20, W<100ms S/N>50, W<1000ms
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usnavat| VLITE-Fast Latest Status: 15 antennas!
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usnava| VLITE-Fast Latest Status: 15 antennas!
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usnavar| VLITE-Fast Search for Chime Repeater
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 CHIME repeater (FRB 180814.J0422+73) followed up at the JVLA and with realfast

» VLITE-Fast joined efforts to search at low frequency with some additional development

* No detection yet with VLITE-fast but VLITE slow clearly identified an NVSS source that
was ‘missing’ in VLASS and of possible interest (not faded, just extended)
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CHIME repeater (FRB 180814.J0422+73) followed up at the JVLA and with realfast
VLITE-Fast joined efforts to search at low frequency with some additional development
No detection yet with VLITE-fast but VLITE slow clearly identified an NVSS source that
was ‘missing’ in VLASS and of possible interest (not faded, just extended)
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CHIME repeater (FRB 180814.J0422+73) followed up at the JVLA and with realfast
VLITE-Fast joined efforts to search at low frequency with some additional development
No detection yet with VLITE-fast but VLITE slow clearly identified an NVSS source that
was ‘missing’ in VLASS and of possible interest (not faded, just extended)

NVSS J042149+734107

VLITE Commensal Sky
Survey (VCSS)
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VLITE-Fast joined efforts
No detection yet with VL
was ‘missing’ in VLASS ¢
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@ . o O min (Tsys o Tsky)
G\/Nant Npol Af Wobs

Single VLITE Antenna:

Smin = 18.6 \O-min/\/ Wob)s ]y
|

Contains intrinsic pulse width, scattering physics (uncertain host galaxy,
distance); 16 antennas to use in coincidence.

Frin = 100 Jy ms
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ASKAP Mean Spectral Shape: S(v) « v~18 (Macquart et al. 2018)

ASKAP LogN-LogS: N(F > 42 Jy ms) = SkylzayF-Z-l (James et al. 2018)

ASKAP LogN-LogS: N(F > 510 Jy ms) = -+

F~21@ 350 MHz

ASKAP LogN-LogS: N(F > 100 Jy ms) = ﬁF—Z-I@ 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!

Need to run 400 MHz numbers based on new CHIME papers!
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D Config.: ~180”
C Config. (now): ~50”

B Config. (Feb 20, 2019)
~15”

A Config. (Aug 2, 2019)
~5u

With a bit of luck, VLITE could uniquely identify FRB host
galaxies in B config.

VLITE will definitely uniquely identify host galaxies of FRBs

detected in A configuration.
26
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| U.S.NAVAL \
ABORATORY SUMMARY AND LOOKING FORWARD

VLITE-16 more sensitive and more stable

SRDPs from VLITE: calibrated uv data, images, and SQL database
- Each VLITE source is matched to known catalogs at similar resolution

Automated health diagnostics: rapid identification of issues that impact both
VLITE and more broadly JVLA P-band

VLITE-Fast goal is to be fully operational in B config. (Feb 20, 2019)
- Expect 6 to 30 FRB hosts in B config and nearly same for A
- Currently debugging system to get to 16 antenna operation

Near future: development of the broadband LOw Band Observatory (LOBO)
Further future: LOBO may combine with NRAO’s ngVLA and UNM’s eLWA
to become ngLOBO-low and ngLOBO-high (Taylor et al. 2017)

NRL encourages anyone interested in data to contact us. NRC postdoc
opportunities at NRL with deadline Feb 1, May 1, August 1, November 1



