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Our “NOIRE” project

- Astrophysical observations
- Swarm of 50 C/S

- Scale: 100 km

- Orbiting the Moon

. Autonomous
Distributed
Spacecraft
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Introduction

Gamma rays, X-rays and ultraviolet
light blocked by the upper atmosphere
(best observed from space).
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Introduction

Science topics : | o™ " S burst "B
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Introduction

Science topics :
* Solar physics
* Planetary physics
* Radio Galaxies

 Cosmoslogy
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Space Interferometer

Large interferometer:
- Generate images
On the ground:
- Lowest frequency ~10MHz

' O] vatoire
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Space Interferometer

2000-12-03
s R

6 7
Hour of 2000 / 338

Large interferometer: Space probe:
- Generate images - Low frequency reachable
On the ground: Single point: |
- Lowest frequency ~10MHz - No direction information
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Space Interferometer

Interferometer e

6 7
Hour of 2000 / 338

Large interferometer: Space probe:
- Generate images - Low frequency reachable
On the ground: Single point: |
- Lowest frequency ~10MHz - No direction information
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Space Interferometer

SuUnRISE :

- Solar burst

- 6 Nanosat

- GEO graveyard
- < 10km
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Space Interferometer

SuUnRISE :

- Solar burst

- 6 Nanosat

- GEO graveyard
- < 10km

Limited science coverage:
- resolution

- sensibility

- Earth emissions
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Space Interferometer

* NOIRE project

-50 C/S
- scale: 100 km
- Protected by the Moon

- Noise free

. Autonomous
Distributed

Spacecraft
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Swarm attitude knowledge

— Principle: delay compensation
- Delay = f(b,s)

— require knowledge of b
= topology
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Swarm attitude knowledge

0
\\_'// — Principle: delay compensation
N~
~— _. Delay = f(b,s)
Tgo — require knowledge of b
= topology
6 l; ITO =b-Sofe —» No GNSS for lunar orbits
/t => Autonomy
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Swarm attitude knowledge

Distance measurements
- Relative topology

— Position in arbitrary frame

08/06/22 Source : Duisterwinkel et. al. 2018 15 |ESIA y.@ﬁme | PSL% 15



Swarm attitude knowledge

Distance measurements What is the transform that
. Relative topology links this arbitrary frame to the
absolute frame ?

— Position in arbitrary frame
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Radio Source Tracker

Principle: same as a Star-Tracker

m = (" Now I know
‘ . where I am |
r— W
BIG DIPPER Eﬂ@’,
= PHOTO DATABASE MATCH #

Relative topology - full sky images with arbitrary coordinates

Images are generated using the main payload
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Radio Source Tracker
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e Autonomy: +/

—e— 30-240 kHz
50-400 kHz
—+— 100-800 kHz

e Accuracy < larcmin

a=0 @ 50-400 kHz 1 arcmin
100 .—PO-@-}OHOOIHIH

* Works as long as
3 catalog sources
can be detected

error € in arcmin

1071 -

104 10~3 102 107!
noise level a= 1/V2AvT
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Conclusion: LF interferometry faisible

* LF interferometry essential and feasible
Work In progress

* Noise free zone should be preserved

* Other concept studies and projects
(ALO, DSL, ...)
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Any question ?
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Backup Slides
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Sky model

Sky brightness supposed to
follow the same spectrum as
the one of the Galaxy

The input model is based on
a skymap at 50MHz
(GSM)

Point sources are modeled
aside

08/06/22

108

107

Specific intensity (Jy/sr)

— 108

10°

1
108
Frequency (Hz)

1
107

Towe (5=) " atv > 2MHz

2MHz

Tz (5%)  atv < 2MH:

2MHz

LESIA e | PSL%

23



Sky model

Point sources Continuum
(LOFAR catalog) (GSM)
. 7 g VC i.j) — B(€Q,) ex —?:C l:'[—);] (ij
Vap (i) = D IIE(5)]|* exp (—ic k(s) - bij) " Ageg-//m () exp )

_ Z B(k) AQ . exp (— . k- gzy)
k
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Sky model

+ uncorrelated noise = Vimu + € € — N(O, (I)
Ssys k’BTsys 4
g = S = — T]A ff — —=
SYS C AQ
V2AvT N Aer
Expressed as a
« noise level » - 47TABTsys 1

7= A2 V2AUT
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Pattern Match

Tables of geometrical

parameters Sataios
Measured
sources #1

#3

\

Comparison : \ oW
Voting system |
g sy o * E

#4
- thresholds : e
#3 46
| Qtcar — Qtmes|| < 240, #4 7
1 1 . #6 48

cat — Ymes|| < QAQQ( + = ) |
e = s — 4 -
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Pattern Match
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ation d'i mage e -/ A8

Modele de ciel Transformé de Fourier Discréte
(DFT)

( Z Ve +zck(0¢)b”)

(Z 7)

\ /
\ /

Reconstruction du ciel

Calcul des visibilités

Vz‘,j = / B(Qk) exp (—’ic E . gz’,j) ko

flux (Jy/beam)  4s624 5
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Zooms successifs sur le point le plus brillant de I'image précédente

Full sky image at f1 Zoom at 2 2nd zoom at 2
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Lobes de réseaux : Une source
brillante impacte tout le ciel
Directivité : - v "4

<)
N

g
el
S
4
<N
sl
S—

Fit Gaussien

' 100 +
side lobes . 120 T T T T T
.‘X—»._x ° 0 20 40 60 80 100 120
X .
\ .
y \ j
\ IY \ .

5 mo'

90., Vij —= Bsexp (iks - b )

Un noeud Réseau phasé O

Source : Wikipedia & sweetwater.com 30 |ESIA v@vmre | PSL %



Exemple :

Image du ciel apres une
soustraction Itérations

/'\

Image du ciel initiale
soustraction

A ] e
2.0e+3 flux (Jy/beam) 1.0 e+6 \ 1.9 e+3 flux (Jy/beam) 4.5 e+4

) ™ L,
Soleil Sources qui étaient
cachées
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