+
y

£INOS  KMOS: K-band Multi-Object Spectrograph *Eg :
+

= Second generation instrument designed for operations at VLT
= Performs Integral Field Spectroscopy in the near-infrared bands for 24 targets simultaneously.

= 24 configurable arms that position pickoff mirrors at user-specified locations, each producing a 14x14
spaxel spectra over a FoV of 2.8x2.8 arcsec?

= Pickoff patrol field diameter 7.2 arcmin
= Light from the IFUs is then dispersed by three cryogenic grating spectrometers (I1Z, YJ, H, HK, K,)

Eleonora Sani— ESO Chile 1 Calibration Workshop, 18 January 2017



< iE MoOS KMOS: pick-off arm subsystem

= Pick-off fields selected by means of 24 rotating telescopic
arms. Arms arranged in two (intra-, extra-focal) layers,
each one covering the entire patrol fields

= Angular and linear motions driven by stepping motors
adapted to work at cryogenic temperatures.

= Security checks to prevent arm collisions: KARMA takes
care about possible collisions; linear variable differential
transforming (LVDT) encoder; hardware collision-detection
system

Eleonora Sani — ESO Chile Calibration Workshop, 18 January 2017



@nos KMOS: IFU + filter subsystem

= |FUs containthe opticsto collect the output beam
from pick-offs and reimage it on the image slicers

= Band passfiltersused to: select the desired
wavelength and correct for chromaticaberrations

= Allthe slices from a group of 8 sub-fields are aligned Pick-off arms

and reformatted on a single detector for each of the Field flattener B image sicers
3 spectrographs

Pickoff .

Mirror ——

45°

K Mirror I I ¥ _
Assembly ™  Parabola 5= ¢ irrors ! Spectrograph

......
Intermediate

+— Focal Plane

SOLID MODEL

CRYQ KMDS PICKOFF ARM OPTICS CENTRE FOR ADVANCED INSTRUMENTATION
MON MAR 12 18:46:14 2007 UNIVERSTTY OF DURHRAM
NETPARK RESEARCH INSTITUTE

COMBINED . ZMX
CONFIGURATION 4 DOF 8
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< iE MOS KMOS: Spectrograph module

= Light from IFUs is dispersed by 3 identical spectrograg Detector mount

Camera barrel

Stiffening

frame \

TN

= Flat fold mirror, toroidal collimating mirror, grating wt

= Camera with 2048x2048 Hawaii-2RG HgCdTe detector

Fold mirror
IFU entrance slit under base plate

Eleonora Sani — ESO Chile 4 Calibration Workshop, 18 January 2017



+

@\OS KMOS: Infrastructure and electronics +]E@S+
+

= All opt-mechanical part contained in a Instrument Cryostat CACOR
cryostat at ~125 K (detectors at ~40 K) VLT Nasmyth

Adaptor Rotat
= 3independent Local Control Units (LCUs) aptor rotator

= Electronics and cables on Nasmyth B
platform inside CACOR

ICE
Cabinets

Maintenance
Trolley &

Handling Pods

IHE
Cabinets

% w5 ~ \
- s VR |
. o, St Dl g
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- MOS KMOS Team

Instrument Operation Team

I0OT members
UK . Paana [ [
S Gamammi («< . Instrument Scientist Eleonora Sani esani@eso.org
ﬂ . 7 2nd Instrument Scientist Linda Schmidtobreick |schmidi@eso.org
‘ ' DurhaIn Instrument Fellow Joe Anderson Joseph.Anderson@eso.org
Un iVCI'Si[y Instrument Responsible Roberto Castillo rcastili@eso.org
Instrument Software Responsible Nicolas Slusarenko nslusare@eso.org
Instrument TIO Diego Parraguez dparragu@eso.org
| Gaching | |
User Support Scientist Michael Hilker mhilker@eso.org
Quality Control Scientist Burkhard Wolff bwolff@eso.org
Pipeline Responsible Yves Jung yjung@eso.org
Instrument Scientist Suzie Ramsay sramsay@eso.org
Instrument Responsible Jean-Francois Pirard  |pirard@eso.org

Ray Sharples, Ralf Bender, Alex Agudo Berbel, Richard Bennett, Naidu Bezawada, Roberto Castillo, Michele Cirasuolo,
Paul Clark, George Davidson, Richard Davies, Roger Davies, Marc Dubbeldam, Alasdair Fairley, Gert Finger, Natascha
Forster Schreiber, Reinhard Genzel, Reinhold Haefner, Achim Hess, Ives Jung, lan Lewis, David Montgomery, John
Murray, Bernard Muschielok, Jeff Pirard, Suzanne Ramsey, Phil Rees, Josef Richter, David Robertson, lan Robson,
Stephen Rolt, Roberto Saglia, Ivo Saviane, Joerg Schlichter, Linda Schmidtobreik, Alex Segovia, Alain Smette, Matthias
Tecza, Stephen Todd, Michael Wegner, Erich Wiezorrek
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: 162340231 |
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LR LR R

[0 imape: @ = select abiect, -+l = scrallimage, -+l = measure WCS, Control -+l = select region

KARMA: KMOS ARM Allocation
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=] nopanRecons BE
File IFU Patrol Help
Cursor Information
Xz W8 VALUE < [ ]
IFU\ Patrol |
Camera : | KMOS_IFU_FIELD
Status 3| Attached
Attach| Detach| Set|
Zoom:
O
RETE
Cut Levels:
Low 2 0.00
High ¢ 20|
Auto Cuts Min/Max
seale : AUTO — ][ 6 |
Image X 44.1659
Image ¥ 62.599
Pixel Value 28.9723
RA
DEC
Equinox
FWHM X 3.56888]
Targ| FWHM ¥ 3.25116| l0002.5its |
Angle of X axis 109.456] ==
SKY | peak Above Bg 30.8982 ;z]glﬂ |
N (QE4TO00L Pick Mode : 4 Object -, Cursor
Command Feedback Window _ Optic:| Pixelsin X,¥ 16.55
— _i Show Marker ;
Pick Cancel Pick | Confim | quit | ’J
= 5

Acquisition: reconstructed 3D cube
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KMOS observing modes

+

+ES+

0
<+

Telescope at Science position

Telescope at Sky position

Eleonora Sani — ESO Chile

>

>
>

Pick-off arm configurationis fixed
Only the telescope/rotator change
position

Nod to sky: each IFU hasan
associated sky observations
Stare: dedicated skyarms

Mosaic: with 24 arms (~0.8 sqared
arcmin) or 8 arms (~0.15 sqared
arcmin). Nod on sky

Calibration Workshop, 18 January 2017



 [FU1 IFU2 g \FU3 [ IFU4 IFU5 g \FUB IFU7

IFU 8
I |

wn
J:
s
g
g
Spatial direction
Band “"‘Ya,v\éle;gth Coverage (pm) Band | Pixel scale [nm/pixel] Resolving power
17, 0779 - 1 07d Short wavelength | Band centre | Long wavelength
' ' 1Z 0.143 2795 3406 3773
. 25 - 1.344
YJ 1'0;? ! 344 Y 0.165 3089 3582 4088
H 1.456 - 1.846 H 0203 3570 4045 4555
K 1.934 - 2.460 K 0.266 3809 4927 4883
HK 1.484 - 2.442 HK 0.489 1514 1985 2538
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<|E m: OS KMOS: from raw to science

KMOS reflex workflow KOS Worlflow (v, 1.2 18)
Workflow Instructions Setup Directories Global Parameters - = actor with
based on SPARK

interactive option
In order to run this workflow:

E
O
<+

- Turn on highlighting. Choose "Tools"

. —e" - ROOT_DATA_DIR: fhome/lcoccato/datafeso-pipelinesirefiex2,8/kmos-1.3.18/.
‘Animate at Runtime" from top menu and set it to "1, © ROOT_DATA | " " f
. - Open "Window" -> “Runtime Window" in top menu before starting the workflow if you wish to Input: Global parameter for the behaviour when a recipe fails
monitor the reduction. nput:
a VI e S + - Press the “Run" button OR ctrl-R to start the workflow.

@ RecipeFailureMode: Ask 'Ask’ means that each time a recipe fails, the choice to
© RAW_DATA_DIR: SROOT_DATA DiR/reflex input/kmos

The workflow is initially set to run on a default data set. In order

continue or stop wil be presented. ‘Continue’ means that
to run on a different data set, the following variables have to

Only change CALIB_DATA_DIR if you do NOT want to use the

the workflow will ignore errors and continue. *Stop' means
calibration data delivered with the pipeline: the workflow wil stop.
et: alibration ivered vith ipeline N
! ! § " i Change "EraseDirs" to ‘true’ to erase
- ROOT DATA DIR is the root directory containing the workflow related directories defined below
 RAWDATA DIR contains the RAW data. 9 © CAUB_DATA DIR: 2.8/kmos-1.3.18/. fakse BOOKKEEPING_DIR, TMP_PRODUCTS_DIR and LOGS_DIR
- CALIB_DATA DIR contains the STATIC calibration files (REF_LINES, ARC_LIST, WAVE_BAND, etc... each time the workflow & run (Lazy Mode will not work anymore)
- BOOKKEEPING_DIR contains various informations about reduction process (esorex cfg file, SOFs, None of the following directories should be a sub-directory
of RAW_DATA_DIR or CALIB_DATA_DIR Program to use for the inspection of input/output products
X rex logs. @FITS_VIEWER: fv Use full path name if it is not in the standard path.

- TMP_PRODUCTS DIR contains the products as they are generated by esorex.
- END_PRODUCTS DIR contains the renamed products. Output:

obal ! Setto "false" to disable interactive GUIs for the whole workflow.
© END_PRODUCTS_DIR: SROOT_DATA_DiRreflex_end_products @ GlobalPlotinteractivity: true ¢, 1, interactive actor can specify its own setting,
which overwrites the choice given here.
L F L T R C f Working Directories:
amp ATs, ARCs for

Specify how datasets for processing are selected
@ BOOKKEEPING_DIR: $ROOT_DATA_DIR/reflex_book_keeping/kmos o SelectDatasetMethod: Interactive  (“All", “New" = never tried before, "Reduced" = successfully

run before. *Failed"=unsuccessfully run before), or set to
©LOGS_DIR: SROOT_DATA_DIR/reflex_logs/kmos “Interactive* for interactive selection.
» LUTsand image

© TMP_PRODUCTS_DIR: $ROOT_DATA_DIR/reflex_tmp_products/kmos Specify when you want to see the ProductExplorer GUI.
o BOORKERPING, 08: § EPIG DRbookkeeping.db "Triggered” = show t after all data sets have been reduced
‘Enabled” = show it after each dataset
DDE Dire "Disabled" = never show it
@ global_pix scale: 0.2 Spatial resolution in arcsec/pixel used during datacube reconstruction in
r C St r Cti S the recipes kmos_illumination and kmos_sci_red. Default = 0.2

o ProductexplorerMode: Triggered

. Step. :
» Wavelength solution Data Organisation

and Selection

Step 3: Step 4: Step 5:
Response computation | | Science reduction Output
Telluric correction Organisation

Creation of Master

MASTER DARK
(kmos_dark)

Datg Organiser

Raw flats

Can use MOLECFIT
(see talks by A. Smette, T. Mendel

Raw arcs and static ¢

ILLUMINATION
(kmos_illum)

calibration files

ProductExplorer

Auxilliary and debug parameters, please do not ch:

e @ GLOBAL TIMESTAMP: 2016-04-22T16:33:44 @ ESORexArgs: ~suppress-prefix=TRUE & END_PRODUCTS_SUBDIR: 2016-04-22T16:33:44/KMOS. 2013-06-30T23:48:06.049_tpl @ N_SELECTED DATASETS: 1 @ Datasetlame: KMOS.2013-06-30T23:48:06.049_tpl |
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+

+ES+

KMOS: from raw to science

0
<+

= 7S\ngle = + — X = A®

o3
r

. = s =
= S EH - O 0 e 1 3e18 1.591e-17 2407 Zllnemap v — X = A ®

=) 52 400% ye manual  + | Linear T |
(88,53) 2.87666e-17X

26 2/1.4600755258 | 1.8392223676 . 3840 O

Features (wiggles, cross-talk, persistency, astrometric positioning, sky subtraction...)
see talk by T. Mendel, poster by S. Ramsay
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( E MOS KMOS: calibration plan

Day calibrations
® Darks (used only for detectors monitoring) = daily
® Lamp Arcs and Flats (Th FF; Ar+Ne ARC used for wavelength
calibration, image reconstruction) = daily

Night calibrations pr—
® Sky flats (quantum efficiency) 2 monthly 7P
® Standard Star (telluricremoval, flux calibration)--> for each OB
» within 2.0 hrs,
» within Aairmass <0.2,
» preferably within the sameregion of the sky
" Relative astrometry --> be-weekly

Eleonora Sani — ESO Chile 12



< E MOosS

KMOS: calibration plan

detector: dark
lamps

flats: slitlets
wave: arc fwhm
wave: calibration

sky flat

acq accuracy.
arm positioning
system efficiency.
PSE

QC KMOS

UT1
FORS2
KMOS
NACO

uT2
FLAMES/GIRAFFE

UVES&FLAMES/UVES
X-SHOOTER

Eleonora Sani — ESO Chile

score overview u

KMOS news:
Report news: | edit

DATE*: [2] 2017-01-10 2017-01-11 2017-01-12 2017-01-13 2017-01-14 2017-01-15 2017-01-16 2017-01-17
report | NLT report | NLT report | NLT report | NLT report | NLT report | NLT report | NLT o data | NLT
 fransfer ~ ngas (2

raw raw raw raw raw raw raw

M Raw CAL displays:
ml’mduct quality: products products products products

no raw files

products products products no products

@ dailyloften; important to check (2] *Date on this monitor changes at 21:00 UT

KMOS: DARK level (last 90 days)
QC data range: 2016-10-20 ... 2017-01-16*

KMOS: X position of slitlets, H band (last 90 days)

= 3 = 3 3 3 3 = 3
& & & A & o A & & QC data range: 2016-10-19 ... 2017-01-13*
a3 8 3 o 8 3 a3 b} 3
S @ s $ @ s @ $ s
e 8 8 8 e & 8 & e 8 8 R
50 — - T 50 T T T 50 — T - - - - - - - - -
DIT60 DET1 | DIT60 DET2 : DIT60_DET3 2 2 2 3 3 3 3 3 3
wf : a0 : W - - - - - -
: : : a2 b ] a3 ) > =] = )
30 301 30 : © © ~ © © ~ © © ~
] ] = ] ] = ] ] =
3 2 3 3 e ] ] ] e ] ] ] L) ] ] ]
3 P 3 : g 8 = w8 R R wo R R __R
wf T ) m AT NN | DR MR ecause or riexures, aepenas
RSO R 0o L ol | [0 g [ : : 1 ’
At dS D entind i 32 R :
~10 i L “10 ! : L 10 b L IR PO . x x T4
57700 57750 57700 57750 57700 57750 2 30 H . 3 =3 O n rot a to r OS It I o n
g 25 : o ] g
2 : : 2 2
26 : .
2 : F— 12
2 - L 10 - L 20 - L
57700 57750 57700 57750 57700 57750
© MD_OBS °] MD_OBS o MD_OBS
36 2 34
e L B, T, e T T
341 1 21, N X 2L
' ' ] [
2y { ] ; 1 i 20 § 30 |-
&30} i - &8} T BN & sl ' l
powered by QC: www.eso.org/HC created by trendPlotter v3.6.2 on 2017-01-17T15:25 g s ] g 6l LI g % _' l l '
26 . 14| 24|
24 R 12 . 2|
2 1

ol 1 1+ 44
0 50 100150 200250 300
rot_ang

ol o+ v vy
0 50 100 150 200 250 300
rot_ang

L
0 50 100150 200 250 300
rot_ang

powered by QC: www.eso.org/HC

Day calibrations

® Darks (used only for detectors monitoring) = daily
® Lamp Arcs and Flats (used for wavelength calibration, cube reconstruction) = daily, taken
at 060 120180 240 300 deg

created by trendPlotter v3.6.2 on 2017-01-16T15:26:38
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(IE m: o1 KMOS: calibration plan

Night calibrations N |

24 / 20,
St = e T

ST
IFY 23 / 20 0.99, 0.025_|

® Sky flats (illumination correction) =2 monthly HM,.NM,._., -y v

® Standard Star (telluricremoval, flux calibration)--> nightly, for each OB P11 e ——
L \QA_.B,/JM,_.WWWM, 1.01,.0.030 |

7 /120 ‘ 088, 0024 |

> Within 2-0 hrs’ 8_- uﬁ.‘/,,.ui o _"_[ A_::—— 1.00, 0.019 |

IRY 1514 12 L) 098, 0019 _|

T (BT

» within Aairmass <0.2, il

(

| R lt2 s sttt e L Pl 68,.0.032 |

» preferably within the sameregion of the sky UL Tl s
» Observed with 1 arm/spectrograph | ———— J'g-,:

IF98 LB iptnmonn 0.96, 0.033

" Relative astrometry --> be-weekly (check in 45 min, ATCupdate takes 0.5 nights) I 1 PP ans b |

2 | P L B P st i bbbt ,w 10039_|

L ry2/3 G?z 0.035 |
T Ml g S e e e Pere—" ———
[N A N VS ORGSR S—— - 1 - B
wpapbotAen6T e | i [ i iiny [ Ll Iy
— "plus_ninus_1px" — 15 1.6 1.7 1.8
wavelength (micron )
. +£* %
t r$ +

+
b
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@‘05 KMOS: summary

= Galaxy evolutionas main scientificdriver 2 Extremely versatile
(stellar clusters, planetary transits, stellar BH, extended sources...)

= Simple observingmodes

= Complicated opto-mechanicsin a cryogenic environment 2>
challenging monitoringand maintenance

= STD observations and Astrometriccalibrations can be time
consuming

= Ongoing projects:
» Gratingwheel fallbackinit,
» use/implement Molecfit,
» characterize LSF,
» pipelineand workflow updates
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@“05 KMOS observing modes

43—88»‘ KMOS MOSAIC mode: some details

[]
[
]
[
[

0.8’
FQ?
L
[l
O O
O
[l
[l

&
1 O O 0 O 0 .
o A O I
0 O B3 @8 OB O w
! < >
« > 32.5"
64.9” Small MOSAIC configuration with 8 arms

Large MOSAIC configuration with all 24 arms ~0.15 sqared arcmin
~0.8 sqared arcmin 9 telescope pointings are required

16 telescope pointings are required



