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Roughness  ~ λ/50 @ 21cm 
∅  = 5m, F/∅ = 0.4 
Life time > 10 y 
Motorisation CEM 15°N-38°S  

2.2 Tonnes 

2 polarisations 

~6
m

 

~2h 

Orsay 

Nançay 



Reflector mounting @ Meudon 
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Roughness ~ λ/70 rms 
(20pts measures/petal) 



Mounting @ Nancay 
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600h  – 15p Sept. 2013 – June 2014  

S

-8-8 -6-6 -4-4 -2-2 00 22 44 66

-8-8

-6-6

-4-4

-2-2

00

22

44

66

88

➀➁

➂

➃N

EW



Electronic designed in 2006-7 
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!  Collaboration LAL / IRFU 

!  Wide bandwidth: 250 MHz (1250-1500) MHz 

!  Digital system & use of FPGA: high processing power, low consumption and cost 

!  Filtering, digitization, FFT « on the fly », transfer and processing in PC 

Analog electronic module 

Filtering / 1.5GHz → 0-250MHz 
LO clock / Amplifier / Mixer (IRFU) 

Digitizer Frequency 
Separator (ADC Board) 

4 channel / 8bit 500 MHz 
sampling / on the fly FFT / 2 
high speed (~5Gbit/s) optical 
data transfer / Firmware@LAL 

Acquisition and Processing 
Computer Cluster 

PCI-Express receptor ~100 Mo/s 
(Firmware@LAL) / Acquisition/
control software (LAL-IRFU) 

parallel (multi-thread, multi-node) 

OO/C++ 
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LNA 
LO 
+ 

4 MIXER 

~ 12m x12m 
~50m 

Coax 50Ω
Optical Fibre (digital signal) 

    6dB attenuator + preamp. 

LNA 

LNA 

LNA 

EMBRACE 
Container 

Electronics on site  

1.25-1.50GHz 

[0,250]MHz 

300m 

Correlator 

CEA DSM IRFU 

i r f u

yalcas

i r f u

yalcas

i r f u

yalcas

-   [BAO radio]  Avril 2014  Philippe ABBON,  2/2 

ADC RF Prototype Card 
(Version V1)  

9m 
Lo = 1250MHz 

LNA 

RG142 50R Mixeur 

50m 

Amplifier 
Inter 
2 ampli  

I50R 
Att 6 
DB 

Att 6 
DB 

10m 

RG142 50R RG58 50R RG58 50R 

9m 

Approvisionnement Materiel : 
1/ Coffret électrique: - 2 pour ampli intermédiaire et 1 pour le mixeur 
2/ Câble: - RG142 et RG58 
3/ Atténuateurs SMA 6DB et I passage de panneau 
4/ Ramener LNA et Mixeur de Nançay à Saclay 
5/ Câble 220V, Câble BT et barrette secteur 

Analogique PAON4 : préparation installation à Nançay 

CEA DSM IRFU 

i r f u

yalcas

i r f u

yalcas

i r f u

yalcas

-   [BAO radio]  March 2012  Philippe ABBON 1/5 

Electronic chain for dish test (March 2011)  
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Data recording parameters 
!  Transit interferometer : declination fixed during at least 24h and 

sometimes weeks 
!  Reported analysis from Fall 2016 to July 2019 
!  Bandwidth [1250,1500]MHz, Δν = 61kHz  
!  FFT done either by FPGA or by the online software (raw) 
!  Trigger rate ≲ 5kHz ⇒ ≲ 10% live time (0.5 To/h raw) 
!  4x2 polar: 8 auto, 28 cross done by online software averaged ~ 5sec. 
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78 CHAPTER 4. APPLICATION TO DIFFERENT DENSE CONFIGURATIONS

Figure 4.1.4: The R(`, m) for 4 dishes with 15m baselines observing at 1420 MHz (top) and 1250
MHz (bottom) for the survey of the region with 35
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Figure 4.1.5: Comparison of the PAON-4 synthetic beam(left panel) with that of the compact 2⇥2

array (center panel) and the D=15.5 m single dish (right panel).

are 15m. For sparse images, e.g. a sky dominated by point sources, good image reconstruction
might still be achievable. However, for reconstructing the diffuse intensity distribution such as the
21cm, this will be a major obstacle, especially because at different frequencies ⌫, the missing or
unobserved modes would be different, making it hard to separate the cosmological 21cm signal
from the strong continuum foreground. If the baselines are sufficiently short, then at least within
certain spatial frequency ranges, the (`, m) plane sampling would be complete, and a better sky
reconstruction becomes possible. That’s why we shall consider more compact arrays below.

We note that the separation between the PAON-4 dishes are small, only slightly longer than
the closest-packed configuration. We also compare it with a compact 2 ⇥ 2 regular array with
dsep = 7m and a D=15.5-meter diameter single dish (De↵ = 14m).

For the PAON-4 and a survey composed of 25 constant declination scans, a total of 175 (150
without auto-correlation) beams are used for the map making, compared to 125 (100 without auto-
correlation) for the 2 ⇥ 2 case. The survey for the large single dish is composed of 79 constant
declination scans, corresponding to a total of 79 beams for the survey.

J. Zhang 



Gain(ν,t)= G(ν)xG(t) 
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6.4 Gain calibration 115

seen that g(n) varies little over time, its satbility is reasonable high. What’s more, for other
channels with different hardwares, the specific g(n)s are different.

Fig. 6.7 The stability of g(n) over time. The total period of time is split into 131 intervals,
g(n) in each time intervals varies little, its satbility is reasonable high. Colorful curves are
for the 131 intervals, black curve is for the whole period of time. For other channels with
different hardwares, the specific g(n)s are different (right column).

6.4.2 Gain

The integral of Eq. (6.4) over frequency is

Va(t) =
Z

n
Va(t,n)dn = g(t) I(t)

Z

n
g(n) I(n)dn (6.10)

its normalization is
V norm

a (t) =
g(t) I(t)R

t g(t) I(t)dt
µ g(t) · I(t) (6.11)

To obtain the variation of system gain with time g(t), the input power I(t) is required to
be known. For an antenna system observing the sky, I(t) is the sky brightness. For a drift
scanning antenna, t corresponds to the different longitudes the antenna points to as the Earth
rotates. However, the sky brightness I(t) is unknown, and one of the goals of observing the
sky is to obtain I(t). Therefore, to obtain g(t) of the system, one way is to use I(t) obtained
by other experiments or models, the other way is to technically make the input power I(t) is
not the sky brightness but an known signal, such as thermal noise of resistor.

What the PAON-4 did is to place a 50 W resistor on the front end of the LNA so that
the channel measures the thermal noise of the resistor, which can be considered as white

132 curves 

Gain drop due to 50m cable 
from LO/Mixer to ADC 

Gain stability 

Modulation ~ 13 MHz due to 
8.5 m cables between LNA and 
LO/mixer  

4V polar. 
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Day 1 Day 2 Day 3 Day 4 

Cyg A 

1.  Smooth variations along the days and nights 
2.  Sudden augmentations & drops 

Gain(ν,t)= G(ν)xG(t) 



G(t): temperature variations 
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THERMON: same electronic as the 8 probes but connected to a 50Ω load 

1 day July 18 

Linear model 
Slope common to all dataset 

Ex. 1H channel 

Gain correction reduces variations from 25-30% to 3-5% 



G(t): sudden up/down variations 
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Cyg A 

1347.4 MHz 
1411.1 MHz 
1420.4 MHz 
1450.0 MHz 

24h 

Time 

Fr
eq

. 

Time 
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vs dawn hour vs sunset hour 

During 2017-18 investigations have been conducted as the problem 
was much more frequent especially for antenna 4. Looking at  2015 
data reveals that Antenna 3 was already affected. 



The culprit is… 
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After several hypothesis 
investigations: 
Electronics failure, power filtering 
failure, local RFI, animals with GPS 
emitter… 
 
3-4th May 18: on the feed of 
antenna 4, we saw clearly some 
bird droppings, and once people  
saw it taking off.  



Time-Frequency maps corrected 
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1H Auto correlation 

1H-3H Cross correlation 

Zoom Cyg A 
transit 

Residuals 
of 13MHz 
wiggles of 
the G(ν) 

Satellites 
1

+15%

-15%

0

+0.01

-0.01

Time 

Fr
eq

. 



Transits of Cas A ~ 6K 
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Good matching data-simulation of transits 
taken at different elevations around  Cas A 
declination 



Transits of 3C196 ~ 60mK 
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Good matching also too for weak sources  



Satellites  
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Galileo & Beidou~ 1278 MHz 
GPS L2 ~ 1227 MHz => 1273MHz 

Trajectories from SPG4 
http://www.celestrak.com/NORAD/elements  

O(50%) 24h observations with 2 satellites 

Strong signal < 1330MHz 

Use for geometry/phase calibration 

GPS 

GPS 

GPS 

Galileo 

Galileo 

CygA 

Freq. 

Ti
m

e 



Phases 
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Geometry Instrumental 

Δz12 = 5.5 cm  
Δy12  = 1.4 cm 
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Noise evolution on Sky 

J.E Campagne - Workshop 21cm - 22/10/19 

19 

σauto(t) 

σcross(t) Correlated noise has been 
subtracted as it is stable in time 
during few hours. 

1 Jy ~ 6mK 

Jy
 

Jy
 

1 

10 

1/10 
1 

1/10 

Saturation possible explanations: 
Gain variations with time 
Diffuse sky brightness evolution 



Antenna Temperature 
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a)  Uses satellites & Cas A, Cyg A transits @ 1396MHz during 20 days from Jan 19 to July 19 
b)  Uses Cas A transits @ 1440 MHz all along July 18 to Jan 19 

•  H-type polarisations ~ 20% noisier than V-type 
•  60-70 K due to electronics: may be the sign of ground temperature 

leakage throw the dish mesh 



Sky map around Cyg A @ 1400MHz 
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16th Nov- 1st Dec 2016: 11 scans of 24h - steps of δ = 1°   

148 Data analysis for transit interferometer of PAON-4

Fig. 6.33 PAON-4 reconstructed sky maps using the m-mode decomposition in spherical
harmonics algorithm [217, 257]. Top panel shows the reconstructed sky map from the
calibrated PAON-4 November 2016 data at 1.4 GHz, Cygnus A and the Galactic plane can
be seen clearly. For comparison, the middle panel shows the reconstructed sky map from
simulated visibility data in the same sky region and at the same frequency. Bottom panel:
the zoom-in around Cygnus A, RA from 290� to 325� and Dec from +32� to +50�, the
reconstructed map from PAON-4 observations is shown on the left, while the right hand side
shows the map reconstructed from simulated visibilities.

35°x 18° 

Cyg X 

Cyg A 
Milky Way 

SSM, FWHM = 4.3° 

Q. Huang 



Towards IDROGEN/White Rabbit 
architecture 
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Opt Fib 

PAON4 next 



Towards IDROGEN LAL/USN 
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Filter Δf=500MHz 

10Gb Ethernet 
PCIExpress Ext. 

•  No more LO/Mixer 
•  No more 50m coax. Cables 
•  250MHz => 500MHz possible bandwidth 
•  Digital signal on Optical fibres to the correlator 
•  Clock synchronisation thanks to the White Rabbit switch/protocol 
•  Ready mid-2020 for PAON4, part of the DAQGEN/IN2P3 project  
•  See C. Viou’s talk 

ADC mezzanine on demand 



Summary 
!  PAON4 is running since mid-2015 and the reported analysis is based on 

observations from Fall 2016 to July 2019 in transit mode (>24h Sky 
scans at the same declination).  

!  The dish concept has proven to be robust all over the winter & wind 
conditions, but certainly is not scalable for larger projects. 

!  The present electronics is working since 2007 and will be replaced in 
2020 by IDROGEN/White rabbit architecture to digitize the analogue 
signal as closed as possible right after the LNA. 

!  We have set-up methods to clean/correct Time-frequencies maps 
G(ν), G(T), RFI 

!  We have used bright sources & satellites transits to calibrate the 
instrument (geometry/instrumental phases) 

!  The antenna temperature is of the order of 110-130K and the noise 
decreases as 1/√Δt for the cross-correlations  

!  Fringe shapes are well reproduced from our simulation for 6K bright 
sources (Cas A ,  Cyg A) as well as for the 60mK 3C196 source 

!  Preliminary Sky map around Cyg A  is well reproduced our simulation 
!  Stay tuned! 
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https://arxiv.org/abs/1910.07956 submitted to MNRAS 



Back-up 
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PAON4: inauguration 2 Avril 2015 
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visite de la Station de Nançay par la direction du LAL et 
inauguration en présence du Directeur de l’Observatoire de Paris 



PAON4: map making (1) 
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Jiao Zhang thèse en co-tutelle avec la Chine 

Généralisé en Ham. Sphérique (Ylm)  

L’usage du Transit à plusieurs élévations permet de séparer les modes « m » 



PAON4: map making (2) 
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Jiao Zhang thèse en co-tutelle avec la Chine 

Avec auto-correlations 

Sans auto-correlations 

Une fois que l’instrument 
est stable avec les 
caractéristiques actuelles.  



BAO en radio 
 A la manière des relevés optiques  

  Identification des sources d’émissions HI (21 cm), détermination de la 
position angulaire et du décalage vers le rouge - Détermination de la 
fonction de corrélation à deux points ou le spectre P(k) à partir du 
catalogue des objets identifiés  

 A la manière des observations du CMB  
 Cartographie à trois dimensions de l’émission HI (21 cm) 
T21(α,δ,z) - Estimation et soustraction des avant-plans, 
détermination du spectre P(k,z) sur les données du cube 3D  

!  Grand FOV~10-100 deg2, O(100) paraboles ∅ ~ 5m 

!  bande fréq. large >100 MHz 
!  Sensibilité à atteindre < O(mK) 

!  Avant plan ~  O(°K), Tsys typique ~ 50 °K (n.b. le sol rayonne à 300 °K) 
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O(105-6 m2) 
Δθ ~ 1/10’’ 
O(µJy) 

O(104 m2) 
Δθ ~ 1/10° 
O(100µJy) 



PAON4: analyse d’un transit 

J.E Campagne - Workshop 21cm - 22/10/19 

31 

Qizhi Huang 

Modèle simple pour reconstruire (extension de PAON2):  
•  Les orientations des antennes 
•  La géométrie de l’interféromètre 
•  Le rayon effectif des paraboles 
•  Les décalages de phase dans les câbles 
•  …  
•  Température système 

Gain, beam 
geom. 

Phase: interf. Geom, câbles… 
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TINALAI Pathfinder 

TINALAI full 



RFI @ NRT (WIBAR spectrum) 
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TACAN 
(militaire) 

GSM: base → mobile 
GSM: mobile → base 4G, LTE 

[1250-1500] MHz 
Z < 0.13 

OptX21 

[1130-1380]MHz 

0.29 0.58 0.77 0.42 0.18 z@21cm 

Filtre Cornet 
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PAON4: tests en étuve @ Saclay 
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Chaine analogique gain total de  
90dB:  
 
•  Variation -4dB entre 0°C et 55°C 
 
•  Contribution identique entre 

LN+Amp Inter et Mélangeur 

Coffret Mélangeur 
« RF Proto. Card » Coffret Ampli. Inter. 

25°C 

40°C 3 Sept 15, 24h 

Temp. Coffret Mélangeur 
+ switch Ethernet… 

1250 1500 

-2dB 

-4dB 



PAON4: stabilité relative 
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Gain à peu près stable d’un jour à l’autre…  

Th. Etourneau 
 Mag. Orsay 1e année 


