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[web]tool to S|mulate |mages of astraphysmal\objects

~~ “ebtained with ) comblnatl%n of telescope mstrument
ML andfllter ahe S e ., . SRS

- : Y %

Lok, :ancount rates and photon distribution over the focal plene

s — detailed 5|mulat|on of the obserued fields 1nc|ud|ng sgars,

gaIaX|es and any krnd of astronomlcal object

Nuclear star cluster. MICADO@E-ELT Mearby galaxy cluster. WFC@INT M51-like galaxy 2.4 MICADO@E-ELT




- Why AETC? .
. <ETCs are crucial both in planning ob'séT\’-/tétiehs.and‘-tnf‘ |

developmg new |hstruments . R i
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. P055|b|I|ty to change the parameters of the adopted W ‘
> . instrumentation and/or the conditians of the,obsergatioﬁi‘e ,
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J The mam trlgger hat been the study of sc1ence cases for° i
ELT/I\/IAORY+I\/IICADO % focus on reallstlc S|mulat|ons of
the f|eId |m<’ages L s | e B
5 - ” X 7 ; *
"/ ”Realistic”: .’ P e A B
2" PSF variable in the FoV - - -
“o__Large variety of targets-(stars, galaxies modeled by
_sersic law, but also more complex obj.. ) '
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Fluxes
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Pre conflgured mstrumen-ts

(carrently avallable)

WFPC2
NIRcam
FORS
MICADO
NICS
DOLORES
ROSS
REMIR

LBC

’. -
The templates

.+ can be also'used
" . asstarting point

for.a new

» conflguratlon (aH g

* the parameters

“can be changed

by the user)
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Calculator [

(Help) (Examples)

-+ .GOIto set all the
o pagameters :
* Batch mode to perform -
- multiple simulétion_s




aetc.oapd.inaf.it/aetc_he exht

? App % Bookmarks Q[D"M-«AD-«](GW\E G Google J* miniprojects s » | CJ Altri Preferit

- . The Advanced Exposure Time Calculator (AETC) is a tool to simulate images of astrophysical abjects obtained with any
ombination of telescope, nsirument and given passband using  sitble setof prameters hat dfine the cnnﬂgur’mnn
of the eauipment used for the cbssrvalions. The.tool proides count rates snd s disrbuion over the foc
- Home {irough the proper definion o the PSF. of vitually any telescops. suipped it an imager o
configuration is assessed. Moreover etailed simulation of the observed flelds can be simulated including o galaies
Configuration and more complex objects providing template of the targets.

Telescope and Falomo, R. Fantinel, D.. Uslenghi, M 2011 Proc_SPIE 81
Instrument Specification

Sky

Observation Parameters Some example of images produced by AETC:
Source Specifications

Image Simulator

Results

[\ Do o == ation file

Batch mode

= B aetc.oapd.inaf.it - 0 @ Advanced Help

Object generator
* App J Bookmarks (R [DOMANDA] Convie.. & Google J' miniprojects e Freesound.org - sou.. M LVS iaf kan Textmarker ... [ Altri Preferiti surs

Galaxies

Nucear star cluster. MICADO@E-ELT  Nearby galaxy cluster. WFC@INT  Mo1Hike galaxy @
Sky Field Extractor

On sky object
distribution

+ INAF

* Standard Empty_template
Light

User defined

& [[3 aetcoapdinatit (5

* App % Bookmarks @) [DOMANDA] Convie.. G Google J* miniprojects e Freesound.org - sou... 1 LVSUN Battera/car » [ Al Prefert

This basic example uses a simplified interface specialized for the red arm of the LBC camera mounted at LBT. In the example we show hot
to simulate observations of a stellar field. The input star lst is generated with the AETC Object Generator

Galaxies On Sky Object Distribution

In this example we consider a globular dluster. For this example we use the general interface. loading the configuration for MICADO@E-
ELT. Al parameters (telescope, camera, observatory) are initially pre-set, but the user can modify each of t

This is the most general case. A new telescopeinstrument sobsening site s defined. In this example we simulate an observation of a the
central region of a cluster of galaxies with the WFC camera mounted at the INT.
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(Help) (Examples

-+ .GOIto set all the
o pagameters
* Batch mode to perform -
- multiple simulétion_s

Distribution




ATTC

0Object MicadoH Save input configuration as

Primary mirror @ (cm) 3900 Number of reflection 5 Fraction of Obstruction 028

Plate Scale (arcsec/pixel) 0.002 Readout Noise (&) &

Mirror Reflectivity: * Constant 1 Table select A User File

Instrument Efficiency: * Constant |1 Table select v User File

Detector Efficiency: * Constant 0.4 Table select v "r=nrEila

Air Mass |1

Sky Brightness: * Constant Mag/arcsec? 150 Band H Mag System Vega v Table select
User File

Atmospheric Absorption: ¢! Rayleigh (m) 2000 Table select v User File Ne Extinction

Observation Band: Arange A * Table H v By User File

Total Exposure Time (sec) 1000

Encircled Energy:

Fixed

Seeing Limited

o) pSE function 20 v ®/ PSF Table | H-central

Number of Exposure 10

Aperture @ (arcsec) 0012

- DSF llzer Fila

PSF map: * Uniform Distortion by File XcFoV (arcsec) 0 YcFoV (arcsec) 0

Aluminium
UT1_optics

FORS_optics
REM_ross
FEM_remir

FORS_cod
REM_ccd
REM_IRarray
LEC_blue
LEC red
Blue

Fed

Zodiacal_Light
Calar_Alto
Cerro_Tololo
Kitt_Pealk
La_sSilla
Mauna_Kea
Faranal
LaPalma
MiGraham

E-ELT_Micado
[-central
Y-central
J-central
Ks-central
H-maory-cube
[-maory-cube
J-maory-cube
K-maory-cube

JWST_Nircam

HST_WFPC2
F450W
FE0BW
F702W
FE14W




Air Mass 1

Sky Brightness: * Constant Mag/arcsec? 15.0 Band H Mag System Vega v Table | select v
User File
Atmospheric Absorption: * Rayleigh (m) 2000 Table select v User File No Extinction
Observation Band: hrange A ® Table H v By User File
Total Exposure Time (sec) 1000 Number of Exposure 10 Aperture @ (arcsec) 0.012

Encircled Energy:

Fixed

Seeing Limited

Sl psE function 20 v *| PSF Table | H-central v PSF User File
PSF map: ®' Uniform Distortion by File XcFoV (arcsec) O YcFoV (arcsec) O
Redshift 0
SED: Black Body Power Law ®' Template Table vega v User File
Flux: * Computed Magnitude 20 Band H v Mag System Vega v Direct Input

No Image * Real Time Background

X size 100 Y size 100 Gain 1 FPN 0.0 Dark D Rad min |20
Saturation Level 65535 Thresheld 0.01 System Coordinates 0 Spline Deg &
Number of used PSF (for 3D PSF function) |2 Convolution standard v PSF Filter ¥ Add Noise ¥

Subtract Background ¥

Stars




Encircled Energy: . .
= Fixed Encircled Energy
Fized

Seeing Limitad

* PSF function | 20 - * PSF 8 Hecoriral v FSF User File

PSF map: *  Uniform Distortion by File

Seemg limited; Gauss or I\/Ioffat functlon of a given F’WHM
1D radial |nten5|ty proflle selecting Ong of the avallable PSF tables or a. user file "

& o . n

L -
ZB fItS |mage § -Q : - # Example of PSF distortion map :

‘ . 4 < # X Y FWHM(ratio) Ellipticity Position_ Angle
3D fits data cube (PSF(x,y)) e o0 700 e PP 5

. Ll 7

b e 600 700 .07 .08 20
VR : ‘ 700 700 .14 .16 40

How tofmodel a PSF \rariable in the FOv? 80 700 -21 -24 60
~ ’ 900 700 .28 .32 80

- ~
. !' . P -
» - ’ ~

1) Reference PSF at glven posmon + dlstort+on flle/dstortlon map.,\

o Exnstmg mstruments -
: -.'

2) .PSFona grld% mterpolate the PSF at the X,y posmon\_

L 2




Redshift 0

Black Body Power Law ® Template Table vega User File

* Computed Magnitude 20 Mag System | Vega v Direct Input

No Image Real Time Background

X size 100 Y size 100 Gain 1 FPN 0.0 Rad min 20

Saturation Level 65535 Thresheld 0.01 System Coordinates 0 Spline Deg &

Number of used PSF (for 3D PSF function) 2 Convolution standard PSF Filter ¥ Add Noise ¥

Subtract Background ¥

Galaxies

Objects

Functions

# Input Configuration ¥ Qutputs (Fluxes, S/N, kMag) S5/N vs Exptime

AFTC




® User File

Black Body Poswar Law * Template Table .oga

. Reference source
’ Rest frame §ED

* Compubed Hasgnitude 20 Band Direct Inputt

/

# Xpix  Ypix Magnitude o Flu X/magthde

- I
J1321.30 213.91 17.22 . :
125.38 299.83 16.71 e Z é

- L

Stars ' ‘~ ; # Re is in arcsec
# position angle PA in degrees

S.ources to be

. # Xpix Ypix mag SersicIndex Re ellipticity PA
|ncluded |n th.e 100.1 100.1  15.8 4.0 3.0 00 0.
Ohjects 200.8 200. 19. o 5.8 o 90.
300.3 300. 20. o 12.7 o 45.

Image " 400.6 400. 17. o 0.85 o 0.

500.5 500. 18. o 15.9

: g
Q ' « # Xpix Ypix mag template file
320.7 450.3 17.0 objtemplatel.fits
620.0 650.3 18.7 objtemplate2.fits
652.7 654.2 19.3 objtemplate3.fits
1300.1 1450.0 12.5 objtemplated.fits

Galaxles

Fuimvctiamns

STAR starlist.dat

STAR starlist2.dat
GALAXY = gallist.dat
GAUSS = spots.dat




a -Obj‘e'c't_g'e-ner*ator: .

’ -

- °‘t~ool for creatlng Ilsts of astronomlcal ObJECtS :
(%AETC mput) "~ L e

R Y -

. Build a list of objects with given mput populatlon
parameters distribution of magnltude spatlal
distribution in'the Fov: -~ i~

eLSEANS sk St n i
' 1" GaIax:es g

8 Extract a sub I|st from a user prowded I|st

-




. Object generator; stars'

- : @ -
-

Input Population: Field of view (arcsec) 600 Objects 1500 Brightest mag 18 Faintest mag 24

Distribution of magnitude: @ power law Index 0.3 User defined Law

Spatial distribution in the FoV:
Linear gradient
Radial gradient

® uUser defined Law Sfoglia profile2.txt Clear in the range Xmin |0.05 Xmax | 300 centered in X (arcsec) 300 ¥ (arcsec) 300

CREATE

Stellar Population: Total objects: 1500 Brightest Mag: 18.0 Faintest Mag: 24.0
Fleld of View: 600.0 (arcsec)
Magnitude Distribution: Power law Index: 0.3
Spatial Distribution: User definded law from file: SpatialDistrib.txt
Magnitude Histogram Sky
300 600
250 500 B e
200 400
150 00} i
100 200 "
50 100 ’ ! =
¢ ‘ 100 700 300 200 <00 ]
X-2rcsed
On Sky Object Distribution (arcsec): star2015_02_18_10_18_48.txt DOWNLOAD

T
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. Object generator; galaxies "

Input Population: Field of view (arcsec) | 300 Objects 100 Brightest mag 15.8 Faintest mag 22

Distribution of magnitude: Power law Index 0.5 ® yserdefined Law | Sfoglia.. | GalMagDistrib.txt Clear
Spatial distribution in the FoV:
@ Linear gradient Gx (0.6 Gy 1

Radial gradient

User defined Law

Galaxy Field Generator:

Effective Radius (arcsec): Min 2 Max 20 Power Law Index |1
Sersic Number: Min |1 Max 4 Power Law Index |1
Ellipticity: Min o Max [0.7 Power Law Index |1 Stellar Population: Total objects: 100 Brightest Mag: 15.8 Faintest Mag: 20.0
Field of View: 300.0 (arcsec)
PA (deg) S0 BE 150 BT AT Magnitude Distribution: User definded law from file: GalMagDistrib.txt
Spatial Distribution: Linear x=0.6 y=1.0
Galaxy: Effective radius: 2.0-20.0 Index=1.0 Sersic Number: 1.0-4.0 Index=1.0 Ellipticity: 0.0-0.7 Index=1.0 PA: 0.0-180.0 Index=1.0
Magnitude Histogram N Sky
250 = £
200 5
%
g
g 150
4 -
S :
100
50
° 50 100 E ] 250 300

x-arcsec

On Sky Object Distribution (arcsec): galaxy2015_02_18_10_52_14.txt DOWNLOAD



. OG: Sky Field E»
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xtractor:

*~Map the object list on the detector ~

X-start (pixel) O Y-start (pixel) 0

ky Field Extractor

Magnitude Histogram

a00 600
x-pixel

y-arcsec

(7]

= start, . -

200 300 400
X-arcsec




# Input Configuration < Dutputs {Fluxes, 5/M, kMag) + Sensitivity Graphis{i) SN v Explime

@ & 32 o=

-f' e @

. ‘Output (Fluxes,S/N,..) oy put counts and the expected
Slgnal -to-Noise ratio.

Air Mass: 1 S/M area: 12.6 px

Exposure time: 1000 sec Collecting area: 11009347.0298 crm?
Number of exposure: 10 Zero Point: 31.69

Aperture ©: 0.012 arcsec Source: 1.531018e+07 ph/aper/expT
Number of reflections: 5 StoN: 3911.19

Input: mag: 20, band: H, mag system: Vega Background: 1.246547e+04 ph/aper/expT (0.99 ph/sec/px)
Object: MicadoH Effective wavelenght: 4434.0 &
Instrument efficiency: 1 Extinction at Aeff: 0.17
Photometric system: UBVRI_Besszel

Observation band: Bx £

Function file: Mo Function file

Detector efficiency: 0.4

Primary mirror diameter: 3900 cm

Fraction of obstruction: 0.23

Plate scale: 0.003 arcsec/pixel

Mirror reflectivity: 1

Atmospheric Absorption: Rayleigh: at 2000m

Star file: Mo Star file

Galaxy file: No Galaxy file

Encircled Energy: 0.32 (psf function: 2D, psf file: E-ELT_Micado H-central)

Single Object - SED: Stars vega (900.0 - 100000.0) &

Sky Brightness: mag: 15.0, band: H, mag system: Vega

Redshift: 0

Readout noise: 5 e-

Object file: No Object file




# Input Configuration < Dutputs {Fluxes, 5/M, kMag) + Sensitivity Graphis{i) SN vs Explime

-

*Sensitivity Graphs: plots of the mput source passband
and the trough'put
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-
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# Input Configuration s k luxes, 5/H, kMag) + Sensiti Graphs({ k) S/Nvs E

-

*S/N vs Exptlme plot on the trend-of the S/N against’ -
the exposure ttme

3 4
Exp Time (hours)

SAVE Image (fits)

mulation program fi




Output

< Tnput conflguratlon summary of all input
“parameters |

-

B i " @
B Output (Fluxes,S/N,. ) output counts and the i
' expected Signal-to-Noise ratjo

-n.

* Sensitivity Graphs pIots of the |nput sdurce 3
passband and the troughput

. [ ] "

'+ S/N'vs Exptime: plot~0n the trend of the S/N agalnst
the exposure t|me i

_~+Images e




. Example: star cluster:

_ - J-band ebservations of a star
cluster in a nearby gaiaxy
=~ with MICA] @ e
e T
Total exposure time: 3h
input star list (465567 stars)
" host galaxy body: spatlally umform
dlstrlbutlon of stars, magnltudes
& calculated assuming a constant ;'®
© star formatlon rate over the#ast 12
Gyr,* - E .
e star Cluster: stars-’plistributéd, ' -
- according to a Kihg-like profile.™
_* Magnitudes taken along . *-°
theoretical isocrones

~

L

—— . —
Prob/ng the nuclear star cluster of galaxies with extremely large telescopes
Gullieuszik et al. (2014, A&A Vol.568,11)%

-
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Example: star cluster

]

. -
Prob/ng the nuclear star cluster of galaxies with extremely large telescopes
Gullieuszik et al. (2014, A&A Vol.568,11)%* ) .

- s
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“Example of galaxy simulatioms ..
' N 5

M51
SDSS

z=2.4
MICADO@E-ELT

E-ELT J 3x3 bin (u@z=2.4) E-ELT H 3x3 bin (9@2z=2.4) E-ELT K 3x3 bin (r@z=2.4)

z=2.4
NIRCam@JWST




OT SImuIat|on ef spad array*ASTRI

fas Non standard detector AETC has been used tq produce the :
dJstrlbutlonof the photons on the focal pIane butthe - .°
detector has beert S|mulated wWith a module developed in IDL |

Surface plot of [400:499,400:499]

8x8 array 50um/250um with microlens

8x8 array 50um/250um with microlens

“ U band, magU=8, texp=300s H band, magU=6; texp=3008

including structure vibrations
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8x8 array, 50um/250um, with microlens, V band
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2 : L. Gregglo et aI Propert/es of H/gh Redsh/ft Galaxies in-the ELTs :
E‘ro IAU General Assembly, Meeting #29,2015 * ~ |

j b

e Gregglo et al. Stud ying- Stellar Halos W/th Future Focrlltles IAU e
GeneraIAssemny, Meetrng #29,2015 . Reateen .

. ,L ‘Schreiber et.al. Studyfng the metoll1c1ty gragllent in: V/rgo
. ellfpt/co/sthh European-Extremely Large Telescopé photometry
. of resol,ved stars, MINRAS 437, issue 3, p.2966, 2014 ‘ .

M. Gu///eUSZIk et al. Prob/ng the nuc/ear star cluster df galaxies '
with extremely large tefe‘scopes A&A 568, 2014 - .

-, Greggio et al, Resolved Stellor Pop‘Uﬂit/on of Dls.tont Galax:e-s in"
the ELT Ero PASP 124 /ssue 917, p 653,.2012




