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1. Introduction
This document describes the MUSE exposure time calculator developed during phase A and discusses the instrument performances. Limiting flux and magnitude quoted in the Science Case document refer to these ETC results.
2. Documents

2.1. Applicable documents
	AD1
	MUSE Top Instrumental Parameters
	MUSE-MEM-SCI-016

	AD2
	MUSE AO analysis report
	VLT-TRE-ESO-14675-2951

	AD3
	MUSE System analysis and budgets
	MUSE-MEM-TEC-031

	AD4
	MUSE Instrument detector system specification
	MUSE-MEM-TEC-024


2.2. Reference documents
	RD1
	ESO ETC web pages
	

	RD2
	A flux calibrated, high resolution atlas of optical emission sky from UVES
	Hanuschik R.W, 2003, A&A, 407, 1157

	RD4
	MUSE Science Case
	MUSE-MEM-SCI-052


3. Acronyms

	AD
	Applicable Document

	AO
	Adaptive Optics

	CCD
	Charge-Coupled Device

	ESO
	European Southern Observatory

	ETC
	Exposure Time Calculator

	FoV
	Field of View

	FWHM
	Full Width Half Maximum

	INM
	Instrument Numerical Model

	MUSE
	Multi Unit Spectroscopic Explorer

	NA
	Not Applicable

	NFM
	Narrow Field Mode

	PSF
	Point Spread Function

	R
	Spectral Resolving Power

	RD
	Reference Document

	S/N
	Signal over noise

	TBC
	To Be Confirmed

	TBD
	To Be Defined

	VLT
	Very Large Telescope

	WFM
	Wide Field Mode


4. Assumptions
Mathematics and detail computation can be found in the appendix. All important assumptions and input parameters are shown in following table.
	Item
	Assumptions
	Remark

	Sky brightness
	Continuum only (outside OH emission lines), reference RD2, moon aged of 5 days
	S/N estimate is only valid outside OH lines (see RD1 for an estimate of the free OH fraction of spectral range) 

	Atmospheric extinction
	Paranal extinction (reference RD1)
	An airmass of 1 is assumed

	Telescope effective area
	485425.1 cm² (reference RD1)
	

	Instrument throughput in WF mode
	Reference AD3
	Typical curve with adaptive secondary

	Instrument throughput in HR mode
	Provisionally taken equal to WF mode
	Overestimated by 5%

	CCD dark current 
	3 electrons/hour (reference AD4)
	Typical value 

	CCD readout
	4 electrons (reference AD4)
	Fairchild 4k x 4k

	Spatial PSF
	4 cases considered: poor (1.1 arcsec, 70%-tile) and good (0.65 arcsec, 30%-tile) seeing conditions, with and without AO. Simulations take into account PSF variation with wavelength (VLT-TRE-ESO-14675-2951). All PSFs are convolved with MUSE image quality, assumed to be 0.254 arcsec FWHM (AD1)
	Current Paranal statistics (5/99-8/02)

	Number of summed spatial pixels (1)
	3x3 pixels (0.6x0.6 arcsec²) in good seeing conditions and 4x4 pixels (0.8x0.8 arcsec²) in poor seeing conditions, both for AO and non AO observations
	For spatially unresolved source. Object flux fraction recovered is 40-60%. 

	Spectral PSF
	Gaussian shape of 2 pixels FWHM
	

	Number of summed spectral pixels (2)
	3 pixels for emission line source, 1 or 10 pixels for respectively full and low spectral resolution continuum
	92% fraction of flux enclosed in case of emission line source

	Exposure time
	1 hour
	Limited by cosmic ray impacts

	Number of exposure
	80 for deep field and 1 for shallow field 
	

	Limiting S/N
	5 for 1 resolution element
	A resolution element being defined in (1) and (2)


5. Results
5.1. Wide-field mode

Extended source
The following two tables give the instrument performance at full spectral resolution in case of a spatially extended source with a flat continuum spectral distribution (AB surface magnitude) or an unresolved emission line (line flux by arcsec² in 10-19 erg.s-1.cm-2 units). Two cases are considered, a single exposure of 1 hour (shallow field) and a series of 80 exposures of 1 hour (deep field). Values are given at central wavelength of photometric band, except for B’ and z’ which are set to the limits of the MUSE spectral range.
	Shallow Field Observations (1h) – Extended source

 (µm)
	Band
	AB arcsec-2
	Line flux arcsec-2

	0.465
	B’
	20.5
	595.6

	0.55
	V
	21.2
	221.3

	0.64
	R
	21.3
	154.1

	0.79
	I
	20.8
	153.4

	0.93
	z’
	20.0
	221.9


Deep Field Observations (80x1h) – Extended source
	 (µm)
	Band
	AB arcsec-2
	Line flux arcsec-2

	0.465
	B’
	23.28
	53.8

	0.55
	V
	23.87
	21.4

	0.64
	R
	23.93
	15.0

	0.79
	I
	23.48
	14.9

	0.93
	z’
	22.78
	20.4


Unresolved source

The next two tables display the limiting magnitude and line emission flux (in 10-19 erg.s-1.cm-2 units) in the case of spatially unresolved object. Various conditions have been explored for the spatial PSF: seeing limited observations (non AO column) and AO observation, each in two atmospheric conditions: good (seeing of 0.65 arcsec) and poor (seeing of 1.1 arcsec). To retrieve a significant fraction of the object flux, we have summed in an area of 0.6x0.6 arcsec² in the case of good seeing conditions and 0.8x0.8 arcsec² in the case of poor seeing. A low spectral resolution limiting magnitude at a tenth of the nominal spectral resolution is also given (obtained by summation of ten spectral pixels and assuming a flat continuum spectral distribution). Shallow (1h) and deep (80x1h) exposures are presented.
	Shallow Field Observations (1h) – Unresolved Source
 (µm)
	Band
	
	AB full R
	AB R/10
	Line Flux

	
	
	Atm. cond
	Poor
	Good
	Poor
	Good
	Poor
	Good

	0.465
	B’
	Non AO
	21.7
	22.1
	23.0
	23.5
	223.3
	144.4

	
	
	AO
	21.8
	22.4
	23.1
	23.7
	199.0
	111.2

	0.55
	V
	Non AO
	22.4
	22.8
	23.7
	24.2
	84.2
	53.5

	
	
	AO
	22.7
	23.1
	24.0
	24.5
	64.1
	40.9

	0.64
	R
	Non AO
	22.5
	22.9
	23.8
	24.3
	56.4
	36.3

	
	
	AO
	22.8
	23.2
	24.1
	24.6
	42.5
	27.4

	0.79
	I
	Non AO
	22.1
	22.6
	23.4
	23.9
	52.2
	33.4

	
	
	AO
	22.4
	22.9
	23.7
	24.2
	38.7
	25.3

	0.93
	z’
	Non AO
	21.4
	21.9
	22.8
	23.2
	68.7
	44.8

	
	
	AO
	21.8
	22.2
	23.1
	23.5
	49.7
	33.7


	Deep Field Observations (80x1h) – Unresolved Source
 (µm)
	Band
	
	AB full R
	AB R/10
	Line Flux

	
	
	Atm. cond
	Poor
	Good
	Poor
	Good
	Poor
	Good

	0.465
	B’
	Non AO
	24.1
	24.6
	25.4
	25.9
	23.6
	15.0

	
	
	AO
	24.3
	24.9
	25.5
	26.2
	21.1
	11.6

	0.55
	V
	Non AO
	24.8
	25.3
	26.1
	26.6
	9.1
	5.7

	
	
	AO
	25.1
	25.6
	26.4
	26.9
	6.9
	4.4

	0.64
	R
	Non AO
	24.9
	25.4
	26.2
	26.7
	6.1
	3.9

	
	
	AO
	25.2
	25.7
	26.5
	27.0
	4.6
	2.9

	0.79
	I
	Non AO
	24.5
	25.0
	25.8
	26.3
	5.6
	3.6

	
	
	AO
	24.9
	25.3
	26.1
	26.6
	4.2
	2.7

	0.93
	z’
	Non AO
	23.9
	24.4
	25.2
	25.6
	7.3
	4.7

	
	
	AO
	24.3
	24.7
	25.5
	26.0
	5.3
	3.5


5.2. Narrow field mode

Extended source
The following table gives the instrument performance at full spectral resolution in case of a spatially extended source with a flat continuum spectral distribution (AB surface magnitude) or an unresolved emission line (line flux by arcsec² in 10-19 erg.s-1.cm-2 units). Values are given at central wavelength of photometric band, except for B’ and z’ which are set to the limits of the MUSE spectral range.

Typical Observations (1h) – Extended source

	 (µm)
	Band
	AB arcsec-2
	Line flux arcsec-2

	0.465
	B’
	16.49
	2564.0

	0.55
	V
	17.21
	702.6

	0.64
	R
	17.35
	472.6

	0.79
	I
	16.95
	480.2

	0.93
	z’
	15.93
	899.3


Unresolved source

The next tables display the limiting magnitude and line emission flux (in 10-19 erg.s-1.cm-2 units) in the case of spatially unresolved object.  Only AO observation in good seeing (0.65 arcsec) conditions is considered. To retrieve a significant fraction of the object flux, we have summed in an area of 0.075x0.075 arcsec. A low spectral resolution limiting magnitude at a tenth of the nominal spectral resolution is also given (obtained by summation of ten spectral pixels and assuming a flat continuum spectral distribution). 

Typical Observations (1h) – Unresolved source

	 (µm)
	Band
	AB full R
	AB R/10
	Line flux 

	0.465
	B’
	21.08
	23.06
	214.8

	0.55
	V
	22.00
	24.49
	42.6

	0.64
	R
	22.30
	24.85
	22.8

	0.79
	I
	22.09
	24.61
	18.6

	0.93
	z’
	21.66
	23.75
	28.6


6. Analysis
6.1. Wavelength dependency

The computed limiting flux is more or less constant with wavelength, except in the blue where it shows a rapid decrease short ward 0.55 µm. This is partly due to the lower throughput in the blue (as shown in figure 1) plus a small contribution by extinction. In the red, the lower throughput is balanced by the linear increase of the number of photon per second with wavelength for a given flux. 
6.2. Improvement due to AO
The previously listed performances show little difference between AO and non AO detection: the gain is 0.2-0.3 magnitude in continuum and 30% in line flux. This is due to the relatively large area (9 or 16 pixels) used to recover the object flux.  On the other hand, if we restrict to the central pixel, we have a much larger difference. An example in shown in the following table, with 0.8 magnitude gain and 100% gain in flux between AO and non AO observations.
Deep Field Observations (80x1h) – Unresolved Source – Central pixel only
	 (µm)
	Band
	
	AB full R
	AB R/10
	Line Flux

	
	
	Atm. cond
	Poor
	Good
	Poor
	Good
	Poor
	Good

	0.79
	I
	Non AO
	23.5
	24.3
	24.8
	25.6
	14.0
	6.7

	
	
	AO
	24.2
	25.1
	25.5
	26.4
	7.5
	3.4


6.3. Noise regime
Wide field mode
The following table presents the worst case of noise variance distribution computed in the case of deep field observation of an unresolved source and in poor seeing conditions (non AO mode).
Typical noise variance distribution in wide field mode
	 (µm)
	Band
	Object
	Sky
	Read Noise
	Dark Current

	0.465
	B’
	1.3%
	45.7%
	44.6%
	8.4%

	0.55
	V
	0.9%
	75.2%
	20.1%
	3.8%

	0.64
	R
	0.9%
	77.2%
	18.4%
	3.5%

	0.79
	I
	0.9%
	76.0%
	19.4%
	3.6%

	0.93
	z’
	1.2%
	53.7%
	37.9%
	7.1%


It shows that we are in photon noise regime in most of the wavelength range with less than 25% of the total variance due to detector noise. It is only at the two extreme wavelengths that the detector noise fraction reaches half of the total variance. These results are for a conservative value of 4 electron readout detector noise. Dark current is almost negligible.
Narrow field mode

Typical noise variance distribution in narrow field mode
	 (µm)
	Band
	Object
	Sky
	Read Noise
	Dark Current

	0.465
	B’
	19.4%
	3.5%
	65.0%
	12.2%

	0.55
	V
	18.5%
	11.5%
	59.0%
	11.1%

	0.64
	R
	18.3%
	12.7%
	58.1%
	10.9%

	0.79
	I
	18.4%
	12.0%
	58.6%
	11.0%

	0.93
	z’
	19.2%
	4.7%
	64.0%
	12.0%


As expected in the narrow field mode, the sky contribution is becoming much smaller in the 25 milliarcsec pixel and we are then in a detector noise regime. An improvement of detector read-out noise will have a major impact in this mode.
6.4. Centering star

Optimal merging of the 80 individual 1 hour exposure into the final deep field datacube will required a star bright enough to allow accurate centering. According to the ETC a star brighter than 22.8 RAB magnitude will reach a S/N of 50 after rebinning at low spectral resolution (R~30)  resolution. Even at this low spectral resolution, the full spectral range is sample with 20 points and will allow a good estimate of the spatial PSF and its variation with wavelength. 

6.5. Other models of throughput

In the different throughput models presented in AD1, we have selected the typical curve model. Although we think that this model is a realistic goal, it might be considered as difficult to achieve. To show the importance of throughput, we present in the figure 2 a performance comparison when using the worst and best case models. 
As it can be seen, there is a significant difference between the worst and typical curve. The limiting flux is increased by 30% from 3 to 4 10‑19 erg.s-1.cm-2. Although this is not negligible, this is still in phase with the deep field science case. Limiting magnitude difference between the best and typical throughput curves is especially important in the red, with a decrease by a factor 2 at 0.93 µm. Having such a throughput (mainly due to CCD QE), will be very benefit for the deep field science case and it should be a goal for phase B study.

7. Limitations
The ETC does not take into account any possible systematic such as flat field residuals and its results should therefore be considered as optimistic. These 2nd order effects are by definition difficult to model in this simple method. We plan to have a more realistic approach using the Instrument Numerical Model (INM). Results from the end-to-end model will be compared to the ETC results.
One possible concern is the accuracy of sky subtraction which may be difficult to achieve in the absence of a beam switching or nod and shuffle technics
. Outside OH lines, the sky brightness is around 410-19 erg.s-1.cm-2.Å-1.pixel-1 and is nearly constant in our spectral range. This is 40 times larger than the faintest object we can detect which translate into a few percent precision of sky subtraction. Our experience with SAURON deep fields (see Science Case in RD4) shows that it is easy to correct a factor 10. The remaining factor 4 improvement should be achievable since, unlike SAURON, MUSE will be specifically designed for deep field projects and optimized for very long integration. However this is seen as a critical point and will be addressed in depth in the next project phases.
The ETC point-like sensitivity is based on a summation over a spatial area corresponding to roughly half the object flux. This is a simplistic method and could be improved using optimal summation scheme taking into account the real spatial distribution of signal and noise. We plan to estimate the corresponding gain using the INM and simulated deep fields.
8. Plan for phases B & C

In the next phases of the project we will maintain the ETC up to date with the instrument performances. The detailed design should allow a better estimate of throughput, image quality and detector characteristics, and further AO simulations should improve our knowledge of the expected spatial PSF. At the end of phase B, the IFU prototype will also give empirical data with which to calibrate the ETC.
The ETC will be made available to the science team, either via a web interface or via portable software. To ensure accurate and realistic results, we will extensively compare ETC results with full end-to-end simulations using simulated object datacubes, the instrument numerical model and data reduction and analysis software. Updated ETC results will be reassas and optimize the observation strategy accordingly.
ANNEX – ETC mathcad sheet

Roland Bacon 
version 1.0 11-05-03
Inspired from Simon Morris mathcad and Ian Parry excel ETC

version 2.0 8-06-03   Take sky value (no OH) from Hanushik paper

add variation of ensquared energy with wavelength, use updated version 1.1 of throughput

version 3.0 02-10-03  

Refurbish and simplify the presentation

updated version 2.1 of throughput 

include also bad seeing conditions for AO performances and add effect of MUSE IQE on all PSFs

version 3.1 09-10-03
Change z = 0.95 µm and B=0.44 µm traditional wavelength to the red and blue limits of MUSE (respectively 0.93 µm and 0.465 µm)

version 3.2 11-11-03
Add computation of accuracy needed in sky subtraction

version 3.3 1-12-03
Updated version 20/11/03 of throughput with VLT adaptative secondary AO system, typical curve. Added computation of surface line emission sensitivity.
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[image: image5.wmf]h

6.6260755

10

34

-

×

joule

×

sec

×

:=


[image: image6.wmf]phot

1

:=


[image: image7.wmf]arcsec

deg

3600

:=


[image: image8.wmf]arcmin

deg

60

:=


[image: image9.wmf]elec

1

:=


[image: image10.wmf]hour

3600

s

×

:=


back 

[image: image11.wmf]_______________________________________________________________________________





2. Define a few useful functions
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3. Photometric System
3.1 UBVRIz System
Bessel, 1979, PASP 91, 589

Magnitude central wavelengths and zero points from ESO web site

http://www.eso.org/observing/etc/doc/gen/formulaBook/node12.html
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Useful reference wavelength for MUSE

Central wavelengths to be used
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Note that B and z wavelength are set to the limit of MUSE wavelength range
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Function to transform magnitude in flux
[image: image31.wmf]Mag2Flux

mag

l

,

(

)

10

0.4

-

mag

×

Z

b

l

(

)

-

W

×

m

2

-

×

µm

1

-

×

:=


[image: image32.wmf]SurfMag2Flux

mag

l

,

(

)

10

0.4

-

mag

×

Z

b

l

(

)

-

W

×

m

2

-

×

µm

1

-

×

arcsec

2

-

×

:=


[image: image33.wmf]Flux2Mag

F

l

,

(

)

2.5

-

log

F

W

m

2

-

×

µm

1

-

×

(

)

é

ê

ë

ù

ú

û

Z

b

l

(

)

+

é

ê

ë

ù

ú

û

×

:=


[image: image34.wmf]Flux2MagSurf

F

l

,

(

)

Flux2Mag

F

l

,

(

)

2.5

log

arcsec

(

)

2

é

ë

ù

û

×

-

:=


back 






3.2 AB magnitude system
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4. Sky brightness
Sky brightness is taken from the Hanuschik paper, it doesnt include the OH lines
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Note the difference in the red is fully explained by the OH suppression. The difference in the blue is probably due to the moon light, a moon aged of 5 days would make the difference.
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5. Atmospheric extinction
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6. Telescope Effective Area
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7. MUSE throughput
7.1 MUSE throughput of WF mode
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Total throughput of MUSE, excluding atmosphere, version 20/11/03

Typical curve with Adaptive Secondary

[image: image67.wmf]l

_table

µm

table_muse_throughput

0

á

ñ

×

:=


[image: image68.wmf]val_muse_throughput

table_muse_throughput

1

á

ñ

:=


[image: image69.wmf]T

MUSE

l

(

)

interplin

l

_table

val_muse_throughput

,

l

,

(

)

:=


[image: image70.wmf]l

min

0.465

µm

×

:=


[image: image71.wmf]l

max

0.93

µm

×

:=


[image: image72.wmf]Mean

T

MUSE

l

min

,

l

max

,

(

)

0.239

=


[image: image73.wmf]l

l

min

l

min

0.001

µm

×

+

,

l

max

..

:=


[image: image74.wmf]0.4

0.5

0.6

0.7

0.8

0.9

1

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

MUSE+VLT Total Throughput

T

MUSE

l

(

)

l

µm


back 

7.2 MUSE throughput of HR mode




8. MUSE CCD characteristics
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Readout noise

Note; This is for Fairchild CCD
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9. MUSE spatial and spectral configurations
 9.1 MUSE wide-field spatial mode 
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 9.2 MUSE high spatial resolution mode 
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9.3 MUSE Spectral characteristics
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10. MUSE Spatial PSF
10.1 MUSE spatial PSF in WF mode          

10.1.1 Seeing limited, poor seeing conditions
[image: image85.wmf]TabEEnoao

poor







0

1

2

3

4

5

6

0

1

2

3

4

5

6

7

8

9

0.2

0.0303

0.0332

0.0344

0.0394

0.0421

0.04

0.4

0.1087

0.1174

0.1257

0.1345

0.1415

0.1525

0.6

0.2251

0.2412

0.2529

0.2724

0.2848

0.2926

0.8

0.3566

0.3725

0.3915

0.4109

0.4254

0.4377

1

0.4853

0.504

0.5281

0.546

0.5613

0.5764

1.2

0.5954

0.6133

0.6376

0.6514

0.6713

0.6795

1.4

0.6903

0.7062

0.7244

0.7385

0.7496

0.7576

1.6

0.7653

0.7778

0.7904

0.7998

0.8115

0.8187

1.8

0.8208

0.8295

0.8394

0.8475

0.8535

0.8593

2

0.8644

0.8698

0.8755

0.882

0.8861

0.8907

:=


[image: image86.wmf]i

0

18

..

:=


Note that MUSE IQE is now included in ensquared energy
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10.1.2 Seeing limited, good seeing conditions
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Note that MUSE IQE is now included in ensquared energy
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10.1.3 AO Gen I, poor seeing conditions 
[image: image103.wmf]TabEEgenI
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Note that MUSE IQE is now included in ensquared energy
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 10.1.4 AO Gen I, good seeing conditions       
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Note that MUSE IQE is now included in ensquared energy
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10.2 MUSE spatial PSF in HR mode       
10.2.1 AO Gen II, good seeing conditions
[image: image121.wmf]TabEEgenII

good







0

1

2

3

4

5

6

0

1

2

3

4

5

6

7

8

9

0.025

0.0735

0.1362

0.2195

0.3019

0.1954

0.2321

0.05

0.1848

0.2586

0.3131

0.4066

0.4835

0.4297

0.075

0.2183

0.3111

0.4008

0.4611

0.5327

0.5782

0.1

0.2468

0.3357

0.4319

0.505

0.557

0.6007

0.125

0.2628

0.3537

0.4422

0.5169

0.5721

0.6152

0.15

0.2787

0.3699

0.4597

0.5356

0.5931

0.6263

0.175

0.3032

0.3858

0.4753

0.5436

0.6014

0.6355

0.2

0.3201

0.4018

0.4902

0.5581

0.6089

0.6508

0.225

0.3375

0.4182

0.4976

0.565

0.6224

0.6574

0.25

0.3642

0.4349

0.5126

0.5786

0.6288

0.6636

:=


Note that MUSE IQE is now included in ensquared energy
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   10.3 Number of spatial pixels
In the case of unresolved objects and in good seeing conditions we will sum up 3x3 spatial pixels to recover a fraction of the object flux, this correspond to 0.6x0.6 arcsec² in WF mode and 0.075x0.075 arcsec² in HR mode 
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In the case of unresolved objects and in poor seeing conditions we will sum up 4x4 spatial pixels to recover a fraction of the object flux, this correspond to 0.8x0.8 arcsec² in WF mode and 0.1x0.1 arcsec² in HR mode 
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Note that this choice is somewhat arbitrary. It is a trade between S/N and spatial resolution. Optimum summation should allow increase of the S/N while keeping the spatial resolution.

11. MUSE spectral PSF
11.1 Shape of spectral PSF
back 

The spectral PSF is assumed to be Gaussian with 2*pixels FWHM
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Fraction of energy enclosed within n pixels :

[image: image151.wmf]FracE

spec

n

(

)

E

GAUSS

n

s

GAUSS

2

(

)

,

(

)

:=


[image: image152.wmf]i

2

4

..

:=


[image: image153.wmf]FracE

spec

i

(

)

0.761

0.923

0.981

=


Low spectral resolution is obtained after summation of N spectral pixels
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11.2 Number of spectral pixels
To recover major party of the fllux of an emission line we sum over 3 pixels in the spectral direction
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Main ETC Formula 
Signal to Noise SN
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Object Flux [image: image167.wmf]F
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Integration time t 
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and n is the number of exposures

and t is the integration time in sec of one exposure

and RN is the readout noise in electron per pixel

and DC is the dark current in electron per pixel and per hour
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[image: image178.wmf]K

O

f

s

f

a

,

D

s

,

D

a

,

l

,

A

m

,

(

)

f

s

D

s

×

f

a

×

D

a

2

×

T

MUSE

l

(

)

×

Area

VLT

×

Extinct

l

A

m

,

(

)

×

l

h

c

×

×

:=


Where [image: image179.wmf]f
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  is the fraction of total flux enclosed in a spectral bin

and [image: image180.wmf]f
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 is the fraction of total flux enclosed in a spatial bin
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 is the size of a spectral bin

and [image: image182.wmf]D

a

 is the linear size of a spatial bin in arcsec 

and [image: image183.wmf]l

 is the wavelength
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 is the extinction absorption coefficient at Paranal

Note that when the flux is a flat continuum source (flux per A) 
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The coefficient [image: image198.wmf]K

RN

 is the number of summed bin 

The coefficient [image: image199.wmf]K
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 is the number of summed pixels 
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Noise Statistics
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This function give the fraction of noise due to object (line 1), sky (line 2), readout (line 3), dark current (line 4), detector (ie readout + drak current, line 5)
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13. ETC parameters
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Exposure time
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Number of summed exposures
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Air mass of observations

[image: image205.wmf]F

Sky

l

(

)

Flux

SkyNoOH

l

(

)

:=


Sky flux is taken outside OH lines

back 

14. Limiting surface brightness
Estimation of limiting surface brightness for a continuum source with flat spectra. The computation is done by spectral and spatial pixels.

back 

 14.1 WF mode
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Computing line emission sensitivity by arcsec

We sum the emission line over 3 pixels
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  14.2 HR mode 
Nota that the computation is done for a single 1 hour integration
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15. Limiting flux for an unresolved source
 15.1 WF mode     
15.1.1 Seeing limited, poor seeing conditions
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15.1.1.1 Continuum source
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In case of lower dispersion we have
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15.1.1.2 Line emission source
We sum the emission line over 3 pixels
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15.1.2 Seeing limited, good seeing conditions
back 
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15.1.2.1 Continuum source
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In case of lower dispersion we have
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15.1.2.2 Line emission source
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 15.1.3 AO Gen I, poor seeing conditions           
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.1.3.1 Continuum source
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In case of lower dispersion we have
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 15.1.3.2 Line emission source                  
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15.1.4 AO Gen I, good seeing conditions
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15.1.4.1 Continuum source       

back 

[image: image361.wmf]K

Obj

l

(

)

K

O

1

EE

spa

l

(

)

,

D

spec

,

1

,

l

,

AM

,

(

)

:=


[image: image362.wmf]K

Sky

l

(

)

K

S

D

spec

k

spa_good

D

WFspa

×

,

l

,

(

)

:=


[image: image363.wmf]K

RN

k

spa_good

2

:=


[image: image364.wmf]K

DC

k

spa_good

2

:=


[image: image365.wmf]LimFContWFgenI

good

l

(

)

F

O

SN

lim

n

exp

,

t

exp

,

F

Sky

l

(

)

,

RN

CCD

,

DN

CCD

,

K

Obj

l

(

)

,

K

Sky

l

(

)

,

K

RN

,

K

DC

,

(

)

:=


[image: image366.wmf]0.4

0.5

0.6

0.7

0.8

0.9

1

1

.

10

19

2

.

10

19

3

.

10

19

4

.

10

19

LimFContWFgenI

good

l

(

)

erg

s

1

-

×

cm

2

-

×

A

1

-

×

l

µm


[image: image367.wmf]LimMagContWFgenI

good

i

Flux2AB

LimFContWFgenI

good

l

MUSE

i

æ

è

ö

ø

l

MUSE

i

,

æ

è

ö

ø

:=


[image: image368.wmf]i

0

4

..

:=


[image: image369.wmf]LimMagContWFgenI

good

24.911

25.608

25.711

25.345

24.697

æ

ç

ç

ç

ç

ç

è

ö

÷

÷

÷

÷

÷

ø

=


[image: image370.wmf]Band

MUSE

"B"

"V"

"R"

"I"

"z"

æ

ç

ç

ç

ç

ç

è

ö

÷

÷

÷

÷

÷

ø

=


In case of lower dispersion we have
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 15.1.4.2 Line emission source 
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15.2 HR mode 

15.2.1 AO Gen II, good seeing conditions 
back 
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15.2.1.1 Continuum source       
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In case of lower dispersion we have
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 15.2.1.2 Line emission source 
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back 

16. Accuracy requirements in sky subtraction
We compute the ratio of sky flux (outside OH lines) with the object flux 
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Thus at most the sky is 40 times the object flux and sky subtraction to a precision of 1% should be OK in all cases.
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Figure � SEQ Figure \* ARABIC �1�: Variation of throughput (dashed line) and limiting flux (solid line) with wavelength.








Figure 2: Limiting deep-field flux (bottom figure) in 10�19 erg.s-1.cm-2 for 3 different throughput models: typical (solid line), worst case (dashed line) and best case (point-dashed line). The corresponding throughput curves are shown in the top figure.











� These technics are not applicable to the deep field given that object and sky locations are unknown and wavelength dependant.





