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 La radioastronomie

e Synthese de faisceaux

* Analyse spectrale

e Dedispersion

* Imagerie par interféromeétrie
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Observations ultraviolet et X par satellites
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Sources observees a Nancay

Etoiles (dont le Soleil)
Planetes
Cometes
Pulsars
Nuages de gaz
Galaxies
Quasars
Mégamasers

100 MHZ s

1 GHz
3,5GHz [

Emission thermique (continuum)

Emission non-thermique
Raies spectrales
Rayonnement synchrotron (continuum)

Rayonnement “Brem(3trahlung” (continuum)

Absorption de raies spectrales
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Le signal utile
Onde

électromagneétique
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Domaine radio :
3 kHz a 300 GHz

Radiotélescope décimétrique de Nancay (1-3 GHz)

E

Signal observé :

330\ Ll |
S(t) = usys(t) + uSOurce(t) E 0. : :I- :!,_. i I\ !
0 " |
Temps # "’Hd\ /‘\/'ﬂfﬂ,,_
(Localement) ot e
. . _ R, e
Stationnaire T Fréquence



» Grande surface collectrice
— sensibilité «D’

e Grande extension
— résolution spatiale oc%
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______—— antenna beam
MA beam (analog-phased) : 8°-64°

Backends

Sy

A

ﬁAﬁA\Z!A?AA Distant MA (<3 km) : 6 MA x 2 polar.
e

ICompact core (400 m) : 96 MA x 2 Qolar]

ol

analog | signals analog | signals analog § signals

Digitization
Channelization

: LOFAR FR606 backend |: :i: LaNewBa : NenuFAR Correlator
: | +Digitization : i1 |-Digitization 5 5| *Channelization
: | *Channelization : ii [|+Channelization : *Correlation
: °Beamf0fmlng : : *Calibration + Imaging
: | *Correlation _ : ii |.Beamforming :
: | *Calibration + Imaging Do : : :
: S : NenuFAR Standalone Radio Imager| :
E LOFAR Super Station E lllllllllllllllllllllllllllllllllllllllllllllll l§l llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
Feeeereemamammansnssenenssasensasanmanmanansd : Y

: | UnDySPuTeD : :

: | dynamic spectra

*Channelization

: | *Integration :

UnDySPuTeD : pulsar

*Coherent dedispersion

: *Folding / Integration :

LA

: SETI Machine :

: | NenuFAR Standalone Beamformer | :

: IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 14



@@ 5o
(&L astronomie

e N-.:H'Ef;-:‘l_‘?'

|"@\{§E9.7!‘e The Low-Frequency Radiotelescope NenuFAR

LANewBa

* Numeérisation
- (96*2)x 200 MEch/s - 14 bits ADCs (~400 Mo/s/chan)
- 45 Go/s aujourd’hui, 77 Gol/s pour l'instrument complet, 24/7

- Synchronisation meilleure que 0.1 ns

» Traitement du signal implémenté en FPGA (1.3 TMAC distribués sur 24 cartes de calcul)
- 512 x 0.195 kHz subbands : 16-taps PFB + 1k-FFT (614+192 GMAC/s)

- Formation de faisceau
« Sélection des sous-bandes a phaser
* Phasage par rotation de phase
« Sommation dans un anneau (14 Gb/s, 58 GMAC/s)
» Export par 10GbE (2x 4.8 Gb/s)
- Mesure de déphasage par corrélation (calibration)
« Echange de données dans un I'anneau (18 Gb/s)
« MAC au sein de chaque cartes (90 Mo/s x 2.2 Go/s)
« 461 GMAC/s

— Calcul de statistiques sur les flux haut-débits

1 baie, 1500 W
15
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Clk, sync
Config
2x 10GbE

2x 40Gbps

-
CLTELLIMELEELLY
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de Paris

Backends

®

______—— antenna beam
MA beam (analog-phased) : 8°-64°

[Compact core (400 m) : 96 MA x 2 polar] Distant MA (<3 km) : 6 MA x 2 polar.

analog !, signals
Digitization
Channelization

analog | signals analog | signals

Y HH H Y.
LOFAR FR606 backend P LaNewBa : NenuFAR Correlator

*Digitization : ii |eDigitization 5 5] <channelization

*Channelization : ii [|+Channelization : «Correlation

°Beamfor.m|ng : : *Calibration + Imaging

*Correlation _ « Beamforming : :

*Calibration + Imaging . :
NenuFAR Standalone Radio Imager| :

LOFAR Super Statlon ; '--§ --------- ‘5:11 e ------------.--"i‘.};-{ --------------------------------------------------------------------
............................................. oo ‘2RELELEEEE| EEEEEERi R
UnDySPuTeD : : T
dynamic spectra Broadcast on VLANS

*Channelization
*|ntegration

UnDySPuTeD : pulsar

*Coherent dedispersion
*Folding / Integration

\
SETI Machine

NenuFAR Standalone Beamformer
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UnDySPuTleD LPC3E

 Beamlets broadcasted to multiple listeners on VLANS

e 2X Serveurs .
- 2X Intel Xeon E5-2620v4 8cores
- 32GB DDR4
- 2X GPU Nvidia GTX 1080

 Dynamic Spectra (under construction)
- Traitera 1 a 2 flux de 4.8 Gb/s, B=195 kHz, dt =5.12 us

- FFT + <|x;.xi|>> pour produire les 4 Stokes, en continu, en temps
reel
e B,,=762Hz, dt,,,=1ms
¢ By =195 kHz, dt,,,=1s

- Flux a traiter : 300-600 Mo/s (int8-int16) — 1.2 Go/s (float32)

- Calcul FFT : ~ 2 GFLOPS

18
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Frequence (MHz)
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Franuenca (MHz)
Fréquence (MHz)
&

Commissioning, Calibration

| 20180q21_2029q0_201 80?21_21 00|1 0_JuU PITFFI_TRA(?KING - I\{W 1 Bearr]: 0- "JUPIITEH_S—QUF{STS" |

Ihle?. Tl b e e e 1+

p——
1

20:31:11

20:45:46.368

8.2

20:38:23

8.4

8.6 8.8
Temps (S) écoulé depuis: 20:45:35

9.0

21:00:00

9.2

19



6

vat0| re

de Paris

The Low-Frequency Radiotelescope NenuFAR

A Stationde

astronomre

de Nancay

Frequency

Frequency

BO.

7vo.

&0.

50.

40.

a0.

20.

10.

BO.

7vo.

&0.

50.

40.

a0.

20.

10.

Commissioning, Calibration

MDOAMewRoutine - LL

10.

T e e el T e T s = e Z
| = : =
1 | | B E =
| i ] B &8
] | | b
=
il i 14 N 4. I
[ I——— N — :- - - - - —— _ = - W= S} p—— .. l—u_ll_‘J.- - .I j
il H — —— | o o = — ' —
= il = == = = — =t = 15
i E=ES === == ——— |
1 e T o e i — === o e e =
- S —— e —
= | ; | ' | ' S
12:00 12102 12:04 1206 12:08
2018-02-08
MenuFARBST - NE
10.
- = —— I — I — B —— — = N ——— - —_ = - B_
[T
=
¥ = m
!r_l_ " ] 1 e 6. =
SRS E N | : i ' <
] £ 3 ' = 2
i = W
E - 4. o
. > — - - - -i- - D
. —-—-—-——-ri e e 1 =
o E s g e _ =
i z E I — Ol “=s e | [T
: gs : =T 2.
- + L = '-'.'_1.
T ™ < — = __'_ = - - e -
—— o —— e o
e s =) 0.

12:00
20180208




vatoire The Low-Frequency Radiotelescope NenuFAR

de Paris

®

| 'observation des Pulsars
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From the Handbook of Pulsar Astronomy, by Lorimer & Kramer
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La dispersion et sa correction

* Retard chromatique a compenser :

2
H(v+v,)=exp(i2n D—5——)
VO(V"'VO)

e Convolution plus facile a appliquer dans le
domaine spectral

A
=
Y

x[n] — .
X [k]=TF (x[n]) n ] B n
Xdedis[k]:X[k]°H[k]_l L
XdediS[n]:TF_I(Xdedis[k]) - : |

Output Voltage Data ———[
https://arxiv.org/abs/1008.3973
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Implémentation de la dédispersion : LUPPI

1
,,', — l"\ * net_thread
/ \\Putl/) - copies data from UDP ip on the first ring buffer
& S

1

[’“\ — i) °© GPU_thread

\ T/ =2~ |oad data from the circular buffer to the GPU
N e coherent dedispersion for all channels

2
__ T
&)

b~ —8_ - psrfits_thread
= ¥) e+ copies data on the raid

Folding to the period of the pulsar (if required)
downsampling in time (if required)
copies output data on the second ring buffer
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Contraintes

* Flux d’entrée continu (300-600 Mo/s) pendant plusieurs heures
- Optimisation pour limiter les paguets réseaux perdus

- A basse fréquence, la dispersion est plus prononcée => besoin
de traiter de long segments de données

- Taille de FFT : 2M a 16M points
- Besoin de stocker 256 H(k) de gques 10¢ points
- ~25 % d’occupation du GPU

* Fonctionnement en production
- Temps de disponibilité du systeme
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Commissioning, Calibration

Single pulse detections

®
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®

______—— antenna beam
MA beam (analog-phased) : 8°-64°

Backends

ICompact core (400 m) : 96 MA x 2 Qolar]

Distant MA (<3 km) : 6 MA x 2 polar.

analog | signals analog | signals analog !/ signals
#Digitization
*Channelization

é """"""""""" U E H 5 -------------------------------------------------- E ! E
: LOFAR FR606 backend : LaNewBa : NenuFAR Correlator
: | *Digitization i1 | +Digitization 5 «Channelization
: | *Channelization : | «Channelization : *Correlation
: | *Beamforming i : *Calibration + Imaging
: | *Correlation _ i | - Beamforming : :
: | *Calibration + Imaging : : - :
: : : NenuFAR Standalone Radio Imager| :
E LOFAR Super Statlon l? llllllllllllllllllllllllllllllllllllllllllll l§l llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
S : Y

: | UnDySPuTeD : :

: | dynamic spectra

*Channelization

: |*Integration :

UnDySPuTeD : pulsar

*Coherent dedispersion

: *Folding / Integration :

v

: SETI Machine :

:| NenuFAR Standalone Beamformer | i

26
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Interférometrie radio pour [’ |mager|e

plane of sky & 1800
Array Conﬁgura‘uon Snapshot u v sampllng u,v sampling after 12 hour
1 synthesis
3 > m o = A SR T g
sky dome w < E" o et
! S > a S ob bbb 4
g ot + +F+ + +
z o oo o o % oAt
. L v
L] - » v
L]
iy plane * ¢ _ZEBD o TTE T w M w _Isbasm T R R R T P
E position [m] u [wavelengths]
_ i2x(ul+vm)
" = base / I(I,m)=[] V(u,v)e dudv
/‘s
\ b Transformée de Fourier-2D inverse

Amplifier

N antennes — N(N+1)/2 visibilites
|  Ex: 96 MRs polarisés — 18528 visibilités
viexp(-i2zve,) e I Chagque visibilité colte 4 B, MAC/s (ou FLOPS)
| I 96 MRs dans 75 MHz - 5 TFLOPS
Stabilité instrumentale
V=(vivexp(—i2mvT,))=|v, "2|eXp(’2”” ) Transposition Antennes VS Bande co(iteuse

Voltoge

28
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®

NRI
o =55 Master PPS
 Remote Digitization () (e
- WhiteRabbit network ‘» | Lé

ssssss

* Sub-ns fiber-based timing distribution (next IEEe 1588) W
« PPS and 10 MHz refclock regenerated on-site Slavel PPS

- 10GDbE streams of beamlets towards the correlator

- On-field constraints (cooling, RFI shielding, ...) S I C e
JEE EE Mean <0.150 ns
Y " Sdev < 25ps
« Correlator - }

- LOFAR-COBALT(1-2) based '.j o)t
- 96 (+6) antenna fields, 384 subbands (75 MHz) = & ol =
+ 240-480 Gb/s " | e

« 64 sub-channellization "E___©—xguer® =
e 0.25s-15s dump time _:;;5. coaLTs ﬁ : ﬁ comaLTr ~ =

- Requires some computing power (5 TFLOPS) @C} __ r.-

- But: :TL "'_'Bj ] ‘ g 132 4,:“‘

« easier data distribution (latency controlled local network)
 FPGAs could held transposing [antenna, ssb] with a switch (32x 40-100GbE)

29
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®

Réseau Haut débit

A\ x24
:  5Gbps over SFP+ AOC

400 m

QSFP+ DA

Shelter

1.25Gbps + 1.25Gbps on SFP+ LR fiber 30
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Radid astronomle

29/03/2018 9h10 TU

Interferometer
NenuFAR-40MR

Instantaneous
UV coverage

First Sky-map (uncalibrated)

Vvs. U
624000 o g
731 4wy
~624050 #R26yR29
MR30 "
#F28 uRras n2
23 $R132
—624100 « L
p17  F18
38 iFF] s #‘“1‘5‘1 £
e ¥ #RIL - ps f’
§n37 gﬂu)
P L Rl
R3S R3
e v e .
R34 L ¥re 5 i #
& A
¥R7 Ll
624250 3
¥Ra
—353100 ~353000 ~352900 —352800 —352700
X {m) T
-200

o
U (m)

PSF @ 85 MHz
23'x 41"

TEST1 —spw27—5h00—10min—unif— 2am /*°
. ;

i
=
i
i
)
=
ol

3gm

Calibration on-going
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e Gul:
- Monitoring
- Observation settings and submission
- Fault detection
- Maintenance

« Real-time command, monitoring and recording

32
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-

NenuFAR

i gui-nenufar.obs-nancay.fr

JUPITER_TRACKING (2, 2 48

l |
!

s

WELCOME TO

NenuFAR

Welcome to the largest low-frequency
radiotelescope in the-wedd Nancay

Just come in and have a look al this

wonderful world

Continue
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Satellite -

MAG

MAT7

MA22
MA23
MA24
MA25
MA26
MA27
MAZE
MA29
MA30
MA31
MA32
MA33
MA34
MA35
MA36
MA37
MA38
MA39
MA40
MAT17
MAT20
MAT21

Wifal

Google

The Low-Frequency Radiotelescope NenuFAR

& gui-nenufar.obs-nancay.fr

UTC 13:44:38
T5 050835

MAOD

Enabled
Date T yday at 13:44:01 UTC
Status {
Power
Temperature
| NERelay
NW Relay & adder
NE Electronic
NW Electronic & adder & ctrl
Electronic current
Relay current
Version

& philippe.zarka

&

B Stationde

Radlo ronomie

de Nancay

Imagary ©2016, DighalGlobe | 80mu— 1 | Terms of Use | Repor a map erar
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NenuFAR

v24.11

SUN_TRACKING 5 BEAMS

10 min feft
]

Tue 5/22

Wed 5/23

May 21 - 27, 2018

Thu 5/24

o SUN_TRACKIN

+ Submission time
P Start time

B Stop time

@ type

Fri 5/25

2018-05-25 07:34:17

2018-05-25 07:48:00

2018-05-25 08:18:20

Science

01:56 - 02:26
SATURN_TRACKING

W

Sat 5/26

Sun 5/27
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Deployment progressmn

No funding yet 1938 Ant

® Up and running (52 MR 988 Ant.) g
® To Be Built this summer (+4 = 56 MR, .1064 Ant;) s T
@ Funding secured, TBB in 2019 (+16 = 72 MR, 1368 Ant. )

@ Funding secured, TBB in 2019.(6 MRD)< W % 7
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