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Overview

NenuFAR phase array simulations

* NenuFAR

* Phased-array: dipole antenna — Mini-Array — core array
* Sensitivity pattern (simulation with nenupy, Loh et al. 2020)

 Contamination in beamformed observations
 Sky at low-frequency
* Time/frequency dependency of the beam pattern

» MOCpy (Fernique et al. 2014, https://cds-astro.github.io/mocpy/)
 Multi-Order Coverage maps, IVOA standard
 Description of sky regions (HEALPix sky tessellation)

* Identification of time/frequency '‘contaminated’ regions

* NenuFAR observation database

* ElasticSearch implementation
e Plans for Obs/EPN-TAP and ObsLocTAP service release



NenuFAR at Nancay Radioastronomy Observatory
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NenuFAR

Hierarchical view: from antenna to core array

Antenna
1938 LWA-like radiator antennas

Dual-polarizations inverted V shape
elements

Low-Noise Amplifier
~All-sky field of view
Broadband response at 10-85 MHz

AN AN
ZINZINZ NI
AN NN
ZINVZINZ N7/
VZINZINZI DN

Mini-Array
Hexagon tile of 19 antennas
Analog beamforming with delay lines

16384 pointable directions on the sky

Beam width: 46° at 15 MHz, 8° at 85
MHz

Core

96 mini-arrays (400m core) + 6 remote
(up to 3km)

Optimal uv plane coverage for
snapshots

Relative MA rotations: dampen grating
lobes



NenuFAR

Hierarchical view: from antenna to core array

Antenna
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Bright radio emission at low frequency

Global Sky Model to Multi-Order Coverage map

2022-04-28T04:00:00, 50.00 MHz
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Bright radio emission at low frequency

Global Sky Model to Multi-Order Coverage map
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NenuFAR direction-dependent sensitivity

Array Factor to Multi-Order Coverage map

Primary beam 2022-04-28T04:00:00, 50.00 MHz
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Array Factor to Multi-Order Coverage map
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Bright emission within NenuFAR beam?

— MOCs intersections

2022-04-28T04:00:00, 50.00 MHz NenuFAR beam MOC
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NenuFAR response pattern
Time dependency (3C10 tracking, 8 hours)

2022-04-28T04:00:00, 50.00 MHz
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NenuFAR response pattern
Time dependency (3C10 tracking, 8 hours)
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NenuFAR response pattern
Frequency dependency (from 10 to 85 MHz)

2022-04-28T7T04:00:00, 10.00 MHz
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NenuFAR response pattern
Frequency dependency (from 10 to 85 MHz)

2022-04-28T7T04:00:00, 10.00 MHz
80" 80" lel

. /f
60" —_ 60°

3.300

- 2.972

- 2.645

-2.317

L 1.990

o* 1.663
2 W W T W W W L0 ar >
RAY

1.335

1.007

0.680

0.352

60 —TN
= 0.025

2 ArrayFacton.

o



Source contamination identification

Intersecting NenuFAR beam with sky model spatial coverages (at various (v, ?) )

GJ 1151 tracking
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Source contamination identification

Intersecting NenuFAR beam with sky model spatial coverages (at various (v, 7))

GJ 1151 tracking
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Source contamination identification

Intersecting NenuFAR beam with sky model spatial coverages (at various (v, 7))

GJ 1151 tracking
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Bright source contamination

Constructing a (v, )-diagram

Frequency (MHz)
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Time (UTC since 2021-12-31T02:01:10)
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Data artefact identification

Bright sources, diffuse Galactic emission through NenuFAR grating lobes

GJ 1151 tracking
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Data artefact identification

Bright sources, diffuse Galactic emission through NenuFAR grating lobes

GJ 1151 tracking
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Data artefact identification

Bright sources, diffuse Galactic emission through NenuFAR grating lobes

GJ 1151 tracking
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Work in Progress: NenuFAR observation database

. . . . . Observation.title="pointing_calibration_2022"
Observation instrumental configuration files Dbeervation mameCAL TEST 30348 TRANSTT 110"
Observation.contactName="ALOH"
Observation.contactEmail="alan. Loh@cbspm. fr,nenufar-survey@obs—-nancay.fr"

Observation.nrAnaBeams=1

parset >Ooservation.aneam5=l7
Observation.topic=ES@0 DEBUG

Observation.calibration=calib.cur
Observation.cableDelays=0N
. . i . Observation.corAzel=disable
Data processing: json file conversion (nenupy) Observation.startTime=2022-04-20T01:30:00Z
Observation.stopTime=2022-04-20T02:00:00Z

Qutput.sst_userfile=false
- OQutput.bst_userfile=true
OQutput.xst_userfile=false

OQutput.hd_bitMode=16

Qutput.hd_lane®=192
Storage: ElasticSearch Output.hd_lane1=192
Qutput.hd_lane2=192
Qutput.hd_lane3=192
OQutput.hd_nblocklane@=4
OQutput.hd_nblocklanel=4

Qutput.hd_nblocklane2=4
OQutput.hd_nblocklane3=4
OQutput.hd_receivers=[undysputed,seti]

I
A 4
!

. |. . . .k) AnaBeam[0@] .target="POINTING_CAL_112"
Visualization: Kibana AnaBeam[@] .angle1=156.35012
AnaBeam[0] .angle2=45.282024
AnaBeam[0] .directionType=AZELGEO

.duration=1670
.maList=[0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,4
.attList=[59,60,62,62,57,60,62,57,59,59,57,55,56,49,49,53,48,46,44,45,43,43,55,50,49,47,47,42,41,44,41,42,56,55,46,49, 46

memdl a4+ l1 " 2 4 C £ 7 0N 14 11 17 12 14 AC 1L 17 10 1nl

]
]
]
]
].startTime=2022-04-20T01:31:10Z
]
]
]
1
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Work in Progress: NenuFAR observation database

-
wn
O
=

Observation instrumental configuration files

N

'_index": "observation”,
parset '_id": "dGeyRIAB6h2bgK9ru3fD",

_version

_score": 1,
l '_ignored”: [
Data processing: json file conversion (nenupy) "parset_user.keyword"

],
'_source": {

"Otimestamp”: "2022-64-20T01:36:00",

> "file_name": {
name”: "20220426_013000_26220426_0620000_CAL_TEST_3C348_TRANSIT_112.parset”,

path”: "/datancu/web/nenuFAR/Observation/Done/2022/64/

l' 2022064206_013000_26220420_0620000_CAL_TEST_3C348_TRANSIT_112
: b,
Storage: ElasticSearch time”: {

startstop”: {
‘gte 2-84-20T01:30:00",

: 20
- 1t": "2022-04-20T702:00:00"
',
v ;? duration”: {
!

'value": 1799.9999999999936,

‘unit”: "s”
Visualization: Kibana }
"topic": {

code”: "ES@8",
name” : "DEBUG"

"title”: "pointing_calibration_20622",
"nama"+ "CAl TFST 2M24R TRANSTT 112"
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Work in Progress: NenuFAR observation database

Observation instrumental configuration files

k Fields (72) Scripted fields (0)  Field filters (0)
- () Search All field types v Add field
parset
l Name T Type Format Searchable Aggregat.. Excluded
Data processing: json file conversion (nenupy) @timestamp © date @ @ ¢
_id _id @ ¢
- _index _index ® > .
_score ¢
!
Storage: ElasticSearch _source . SOUrce \
_type ¢
>
m— contact_name text ® ¢
-
] contact_name.keyword keyword o s ¢
Visualization: Kibana | |
field_of_views.antennas.value long @ @ ¢
field_of_views.beamsquint.correction boolean o i ¢
Rows per page: 10 v 1 2 3 4 5 8
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Work in Progress: NenuFAR observation database

Observation instrumental configuration files

N

!

Data processing: json file conversion (nenupy)

- & elastic
— Discover v/ Opticns New Open Share Inspect

Storage: ElasticSearch

[ v field_of_vizsws.mini_arrays:{ value >= 79 &nd value < 90} KL [F v May13,2021@ 21:17:57.8 = Apr 28, 2022 @ 00:00:00.0 C Refresh

o

©  + Add filter

= 886 hits Field statistics BETA @3 Chart options

1"
“J

L.

il xll

Juns July August September October Novemoel December January February

le - ‘l.le...lIIlIh il el amees b .n]. [:.lle. -1 l liI  Sp— u.-l I. .I..l l.‘..] .Ill.u [ | J|l|h’llllh Il|l’xlIll”l”lln-llhllll[ “‘lll]i
0Eer C be March Apri

May 13, 2021 @ 21:17:57.€47 - Apr 28, 2022 @ 00:00:00.000

T 1field sorted
> Vv @timestamp (& v Document v
s Apr20, 2022 @ 01:30:00.000  @timestamp Apr 20, 2022 @ 01:30:00.000 contact_name Al OH field_of views { 'time duration.unit': [ "s"], "antannas™ [{ "valie™ [ 1]}

1}, {"value™: [9 ]}, "valua": [ 12 ]}, {"value": [11]} {*value: [12]}, { "value": [ 12]}, {"value": [14] ], {*vaue": [15]}, {"value™: [ 161},
49962174 ], "name.keyword": [ "POINTING_CAL_112" ], "conter.ra.unit": [ "dcg" |, "pointirgs™: [ [ "timc.duration.unit™: [ "s" ], "recciver.made.key

/! Anr 20 207272 @ NN:855:00 NNN MAtimastamn Anr 20 2022 @ NN-RRNNNNN rantart nama Al NH fiald af viewe [ 'time diration 1nit'- [ "2 1 "antannac™ [ { "valia™ [ 11}
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Work in Progress: NenuFAR observation database

In the 'near’ future...

* ObsTAP / EPN-TAP

* From the instrument configuration ElasticSearch database
* Possibly more than one target per observation

 Solar System objects included (mainly Sun and Jupiter)
 Data quicklooks (low-rate dynamic spectra)

* NenuFAR ~FoV TMOCs (files at various frequencies)?

 ObsLocTAP (Observation Locator Table Access Protocol)
* Access to the NenuFAR public planning
* Multi-wavelength/instrument coordinated observations
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