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Moons 
Multi	Object	Optical	and	Near-infrared	Spectrograph	for	the	VLT	
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“Virtual moons” simulator 
End-to-end	in	3	stages	from	source	templates	to	detector	image	
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“Virtual moons” simulator 
End-to-end	in	3	stages	from	source	templates	to	detector	image	

MOONS	needs	a	simulator	for	tes3ng	the	following:	
	

•   DRS	pipeline:	extrac5on	of	1D	spectra	from	highly	packed	spectral	traces	
•   fiber	cross	talk	from	PSF	wings	due	to	high	fiber	mul5plex	with	a	very	fast	camera	(F/0.95)	
•   photon	limited	OH	subtrac3on	
•   pixel-to-pixel	flat	fielding	for	very	faint	sources	
•   PSF	diffrac3on	

Three	simula3on	stages:	
	
1.   Ideal	spectral	image	on	focal	plane:	

synthe5c	source	spectra;	sky	and	atmosphere;	PSF	varia5ons	and	diffrac5on;	dispersion	and	
distor5on	as	from	ZEMAX	op5cal	design;	etc.	

2.   Physical	simula3on	of	the	op3cs:	
telescope	and	spectrograph	op5cal	budget;	fiber	op5cs	transmission;	VPH	efficiencies;	stray	light;	
focal	plane	illumina5on;	detector-induced	defocus;	etc.	

3.   Photon	noise	and	detector:	
photon	noise;	gain,	bias,	dark,	RON;	pixel	cross	talk;	pixel	to	pixel	response;	blooming,	satura5on,	
persistence;	non	linearity;	bad	pixels/clusters;	cosmic	rays;	different	reading	schemes;	etc.	



‘Virtual	MOONS’	-	Gianluca	Li	Causi	-	ESO	Data	Simula(on	Workshop	–	14th	April	2016	-	Garching	

Stage 1 – spot shape and location 
Optical	aberrations	and	spot	locations	
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Zemaxlib	IDL	library	
by	Lorenzo	Busoni	
hXps://github.com/lbusoni/
zmxIDL	
based	on	the	ZEMAX	DDE	
Toolbox	for	Matlab	

Spot	loca5on	by	
minimum	curvature	interpola5on	

Huyghens	PSF	aberra5ons	
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Stage 1 – spot shape and location 
Obstruction	and	diffraction	spikes	

false	con5nuum	

OH	only	

OH+cont	
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Stage 1 – spot shape and location 
Obstruction	and	diffraction	spikes	

FFT	

Lots	tries	on	obstruc5on	shapes	to	minimize	false	con5nuum	s5ll	avoiding	fiber	cross	talk	

Final	obstruc5on	

No	overlap	
to	spectrum	
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Stage 1 – spot shape and location 
Obstruction	and	diffraction	spikes	
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Obstruc5on	and	vigne\ng	
vs	spot	loca5on	

Adding	aberra5ons	

Projected	fiber	shape	to	be	convolved	
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Stage 1 – spot shape and location 
Obstruction	and	diffraction	spikes	

Pixeled	spots	6D	cube:	
wave,	field,	
fracX,	fracY	

Pixeliza5on	depending	on	frac5onal	pixel	shi`	of	the	PSF	

Final	pixeled	spot	shape	got	by	linear	interpola5on	of	pixeled	spots	cube	at	minimum	
curvature	interpola5on	of	chief	ray	loca5on.	
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Stage 2 – Physical optics 
Flux	entering	Biber:	differential	refraction	and	centering	error	

Flux	in	fiber	depending	on	atmo	refrac3on	and	fiber	posi3on	error	
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Stage 2 – Physical optics 
Optical	budget	

VPH	blaze	func3on	

Fiber	spectral	trasmiXance	
Dichroics	efficiency	

F/1	camera	->	local	defocus	for	detector	unflatness	
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Stage 2 – Physical optics 
Ghosts,	stray	light,	and	CCD	thickness	defocusing	

Ghosts	and	stray	light	(from	D.	Lee)	

•   Used	in	Virtual	MOONS	but	computed	outside	
•   Interpola5on	/	morphing	difficul5es…	

PSF	broadening	in	thick	CCD	(from	D.	Lee)	
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Stage 3 – noises and Detector 
Detector	signature	

Quantum	efficiency	

Read	out	noise	sta3s3cs	

Dark	current	

Mul3ple	non	destruc3ve	readout	
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Stage 3 – noises and Detector 
Detector	signature	

Pixel	cross	talk	(charge	diffusion)	

Dust	on	detector	 Detector	cosme3cs	

Cosmic	rays	(on	R	channel	250um	thick	CCD)	
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IMPLEMENTATION 
Building	Parameters	and	System	Data	

ZEMAX	
design	

Instrument	

Detector	

Obstruc5on	

Op5cal	design	

Folders	

UPDATE	

PSF	data	cube	

Sta5c		
detector	images	

Spot	loca5on	grid	

Base	Parameters	
Master	Data	Sets	

Flux	in	fiber	



noise	
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IMPLEMENTATION 
Building	Simulated	Images	

Base	
Parameters	 BUILD	

IMAGE	

Focal	Plane	Images	
Signal	Images	
Variance	Image	

Solu5ons	file	

Source	spectra	

Simula5on	

UPDATE	

Master	
Data	Sets	

Simula3on	Results	

nDIT	
Parameters	

Sky,	Atmo,	
Lamps,	Fibers,	

etc.	 Per	frame		
detector	images	

Parameters	1	
Parameters	2	

Parameters	n	
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IMPLEMENTATION 
Analysis	Scripts	

Calibra3on	
Parameters	

RESOLUTION	

Analysis	
Report	

Calibra3on	
Results	

Simula3on	
Parameters	

Simula3on	
Results	

EXTRACTION	

SENSITIVITY	

…	

Analysis	
Report	Analysis	
Report	Analysis	
Report	Analysis	
Report	

COMPARISON	

Comparison	
Report	
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Implementation 
DifBiculties	in	Blexibility:	propagating	parameter	changes	

ZEMAX	
design	

Instrument	

Detector	

Obstruc5on	

Op5cal	design	

Folders	

UPDATE	

PSF	data	cube	

Sta5c		
detector	images	

Spot	loca5on	grid	

Base	Parameters	

Base	Data	Sets	

Flux	in	fiber	

pixel	size	

Detector_pix_XXX	

PSF_data_cube_pix_XXX	

Sta5c_detector_images_pix_XXX	

Spot_loca5on_grid_pix_XXX	

Simula5on_Results_pix_XXX	

•   Different	entry	points	in	process	tree	
•   Intricate	folders	and	naming	management…	
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Implementation 
DifBiculties	in	Blexibility:	propagating	parameter	changes	

ZEMAX	
design	

Instrument	

Detector	

Obstruc5on	

Op5cal	design	

Folders	

UPDATE	

PSF	data	cube	

Sta5c		
detector	images	

Spot	loca5on	grid	

Base	Parameters	

Base	Data	Sets	

Flux	in	fiber	

fiber	size	

PSF_data_cube_dfib_XXX	

Simula5on_Results_dfib_XXX	

•   Different	entry	points	in	process	tree	
•   folders	and	naming	management…	


