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Main objectivesMain objectivesjj
The primary goal of Work Package 1 is to develop the The primary goal of Work Package 1 is to develop the 

t h l i  d th  k l d  i d t  i  t h l i  d th  k l d  i d t  i  technologies and the knowledge required to improve technologies and the knowledge required to improve 
the performance and operational efficiency of existing the performance and operational efficiency of existing 
AO facilities in Europe  as well as to develop the state AO facilities in Europe  as well as to develop the state AO facilities in Europe, as well as to develop the state AO facilities in Europe, as well as to develop the state 
of the art instrumentation required for the next of the art instrumentation required for the next 
generation of European astronomical facilities, i.e. the generation of European astronomical facilities, i.e. the g p ,g p ,
40m European Extremely Large Telescope (E40m European Extremely Large Telescope (E--ELT).ELT).



Proposed activitiesProposed activitiespp
WP1.1: coordination WP1.1: coordination (IPAG, UDUR, ONERA)(IPAG, UDUR, ONERA)

Coordinator: J.Coordinator: J.--L. L. BeuzitBeuzit
Deputies: R.  Myers and T. FuscoDeputies: R.  Myers and T. Fuscop y Fp y F
Scientific team including ESO to keep close Scientific team including ESO to keep close 

link with VLT/Elink with VLT/E--ELT activities and to ensure ELT activities and to ensure 
continuity with FP7continuity with FP7--11
KickKick--off meeting in January 2013 (IPAG)off meeting in January 2013 (IPAG)ff g y ( )ff g y ( )
Internal progress reports on 6Internal progress reports on 6--month basismonth basis
Annual meetingsAnnual meetingsAnnual meetingsAnnual meetings
Internal deliverablesInternal deliverables
Web site  mailing lists  etc  Web site  mailing lists  etc  Web site, mailing lists, etc. Web site, mailing lists, etc. 



Proposed activitiesProposed activitiespp
WP1.2: future deformable mirrorsWP1.2: future deformable mirrors

WP1.2.1: specifications and followWP1.2.1: specifications and follow--up (IPAG, up (IPAG, 
ONERA  LESIA)ONERA  LESIA)ONERA, LESIA)ONERA, LESIA)
WP1.2.2: large openWP1.2.2: large open--loop electromagnetic loop electromagnetic 

deformable mirror development (ALPAO)deformable mirror development (ALPAO)deformable mirror development (ALPAO)deformable mirror development (ALPAO)
embedded builtembedded built--in position sensorsin position sensors
laboratory prototype  could be used on Canarylaboratory prototype  could be used on Canarylaboratory prototype, could be used on Canarylaboratory prototype, could be used on Canary

WP1.2.3: mini piezoelectric deformable WP1.2.3: mini piezoelectric deformable 
i  (IPAG)i  (IPAG)mirror (IPAG)mirror (IPAG)

connection of 40k actuators to high voltage connection of 40k actuators to high voltage 
lifi  (400 V)lifi  (400 V)amplifiers (400 V)amplifiers (400 V)



Proposed activitiesProposed activitiespp
WP1.2: future deformable mirrorsWP1.2: future deformable mirrors

WP1.2.4: Prototyping of cryogenic active WP1.2.4: Prototyping of cryogenic active 
mirrors (MPIA/NOVA)mirrors (MPIA/NOVA)mirrors (MPIA/NOVA)mirrors (MPIA/NOVA)

not really AO but linked to cold tipnot really AO but linked to cold tip--tilt and/or tilt and/or 
steering mirrors for 3steering mirrors for 3--5 micron instruments5 micron instrumentst r ng m rr r  f r t r ng m rr r  f r 5 m cr n n trum nt5 m cr n n trum nt



Proposed activitiesProposed activitiespp
WP1.3: Towards LGS and NGS wave front WP1.3: Towards LGS and NGS wave front 

sensing sensing (Durham, (Durham, OABoOABo, LESIA, LAM, ONERA), LESIA, LAM, ONERA)
WP1 3 1 LGS WFS analysis and simulationsWP1 3 1 LGS WFS analysis and simulationsWP1.3.1 LGS WFS analysis and simulationsWP1.3.1 LGS WFS analysis and simulations

comprehensive simulations and error analysis of comprehensive simulations and error analysis of 
WF errors for LGS on ELT (sensor design  WF errors for LGS on ELT (sensor design  WF errors for LGS on ELT (sensor design, WF errors for LGS on ELT (sensor design, 
calibration issues and multicalibration issues and multi--LGS case with LGS case with 
tomographictomographic reconstruction)reconstruction)g pg p

WP1.3.2 LGS WFS laboratory demonstrationWP1.3.2 LGS WFS laboratory demonstration
experimental validation of previous activityexperimental validation of previous activityexperimental validation of previous activityexperimental validation of previous activity
upgrade of experimental facility at INAFupgrade of experimental facility at INAF--Bo to Bo to 

simulate realistic elongated LGSsimulate realistic elongated LGSgg



Proposed activitiesProposed activitiespp
WP1.3: Towards LGS and NGS wave front WP1.3: Towards LGS and NGS wave front 

sensingsensing
WP1 3 3 LGS WFS onWP1 3 3 LGS WFS on--sky experimentsky experimentWP1.3.3 LGS WFS onWP1.3.3 LGS WFS on--sky experimentsky experiment

upgrade of Canary to provide unique capabilities upgrade of Canary to provide unique capabilities 
for testing elongation effects in actual conditionsfor testing elongation effects in actual conditionsfor testing elongation effects in actual conditionsfor testing elongation effects in actual conditions

use of ofuse of of--axis sodium laser (externally funded)axis sodium laser (externally funded)
emulating sodium layer effects using modulation of range emulating sodium layer effects using modulation of range g y g gg y g g
gate depth of existing Rayleigh LGSgate depth of existing Rayleigh LGS

WP1.3.4 Efficient NGS wave front sensing in WP1.3.4 Efficient NGS wave front sensing in 
multimulti--LGS modeLGS mode

validate new concept of low order focal plane WFS validate new concept of low order focal plane WFS 
using full telescope aperture (LIFT standing for using full telescope aperture (LIFT standing for 
LInearizedLInearized Focal Plane Technique)Focal Plane Technique)



Proposed activitiesProposed activitiespp
WP1.3: Towards LGS and NGS wave front WP1.3: Towards LGS and NGS wave front 

sensingsensing
WP1 3 5 OnWP1 3 5 On--sky Esky E--ELT sky coverage ELT sky coverage WP1.3.5 OnWP1.3.5 On--sky Esky E--ELT sky coverage ELT sky coverage 

optimization using Near IRoptimization using Near IR--NGS sharpeningNGS sharpening
use of Canary combined with Rapid based NIR use of Canary combined with Rapid based NIR use of Canary combined with Rapid based NIR use of Canary combined with Rapid based NIR 

WFS WFS 
dedicated correction (DM controlled in open loop) dedicated correction (DM controlled in open loop) dedicated correction (DM controlled in open loop) dedicated correction (DM controlled in open loop) 

in the NIR NGS in the NIR NGS wavefrontwavefront sensing channels is a key sensing channels is a key 
concept for providing the sky coverage required for concept for providing the sky coverage required for p p g y g qp p g y g q
tomographictomographic AO concepts AO concepts 
combined with LIFT should to ensure combined with LIFT should to ensure 

unprecedented sky coverage for future Laser unprecedented sky coverage for future Laser 
assisted wide field AOassisted wide field AO



Proposed activitiesProposed activitiespp
WP1.4: OnWP1.4: On--sky optimization and sky optimization and y py p

exploitation of AO data exploitation of AO data ((ONERA, NOVA, ONERA, NOVA, 
LESIA, CRAL, IPAG, Durham, Porto)LESIA, CRAL, IPAG, Durham, Porto)LESIA, CRAL, IPAG, Durham, Porto)LESIA, CRAL, IPAG, Durham, Porto)

WP1.4.1 Optimal tomography control lawWP1.4.1 Optimal tomography control law
investigate critical issues of control law design  investigate critical issues of control law design  investigate critical issues of control law design, investigate critical issues of control law design, 

optimisation and exploitation for wide field AO optimisation and exploitation for wide field AO 
systemssystemsy my m
robustness to AO and telescope parameter changes robustness to AO and telescope parameter changes 

(pupil shift, rotation…)(pupil shift, rotation…)p pp p
onon--line optimisation with turbulence statistics line optimisation with turbulence statistics 

evolution evolution 



Proposed activitiesProposed activitiespp
WP1.4: OnWP1.4: On--sky optimization and sky optimization and y py p

exploitation of AO dataexploitation of AO data
WP1 4 2 Calibration of interaction matrixWP1 4 2 Calibration of interaction matrixWP1.4.2 Calibration of interaction matrixWP1.4.2 Calibration of interaction matrix

onon--line estimation of key parameters of interaction line estimation of key parameters of interaction 
matrix using closed loop datamatrix using closed loop datamatrix using closed loop datamatrix using closed loop data
approach will be tested in the laboratory with the approach will be tested in the laboratory with the 

ASSIST test facility and onASSIST test facility and on--sky at VLTsky at VLTASSIST test facility and onASSIST test facility and on sky at VLTsky at VLT
compare approaches in terms of residual WF errors compare approaches in terms of residual WF errors 

and image quality and image quality g q yg q y



Proposed activitiesProposed activitiespp
WP1.4: OnWP1.4: On--sky optimization and sky optimization and y py p

exploitation of AO dataexploitation of AO data
WP1 4 3 OnWP1 4 3 On--line estimation of tomographic line estimation of tomographic WP1.4.3 OnWP1.4.3 On--line estimation of tomographic line estimation of tomographic 

reconstructorreconstructor
best tomographic reconstructor (control matrix) of best tomographic reconstructor (control matrix) of best tomographic reconstructor (control matrix) of best tomographic reconstructor (control matrix) of 

either an open loop (MOAO) or closed loop (GLAO either an open loop (MOAO) or closed loop (GLAO 
and LTAO) systemand LTAO) systemL ) y mL ) y m
use observed environmental conditions (DIMM / use observed environmental conditions (DIMM / 

MASS data, wind speed, etc) and specific MASS data, wind speed, etc) and specific p pp p
calibration procedures and data delivered by the AO calibration procedures and data delivered by the AO 
systemsystem
validation with the CANARY demonstratorvalidation with the CANARY demonstrator



Proposed activitiesProposed activitiespp
WP1.4: OnWP1.4: On--sky optimization and sky optimization and y py p

exploitation of AO dataexploitation of AO data
WP1 4 4 WP1 4 4 Cn2 turbulence profile estimationCn2 turbulence profile estimationWP1.4.4 WP1.4.4 Cn2 turbulence profile estimationCn2 turbulence profile estimation

comprehensive analysis of impact of Cn² knowledge comprehensive analysis of impact of Cn² knowledge 
on the wideon the wide--field AO performance field AO performance on the wideon the wide field AO performance field AO performance 
implement and validate new approaches to retrieve implement and validate new approaches to retrieve 

the Cn² profile using onthe Cn² profile using on--line WFS dataline WFS datathe Cn  profile using onthe Cn  profile using on line WFS dataline WFS data
full endfull end--toto--end simulation end simulation 
comparison with existing Cn² profilers (SLODAR) comparison with existing Cn² profilers (SLODAR) comparison with existing Cn  profilers (SLODAR) comparison with existing Cn  profilers (SLODAR) 

at WHT using the Canary experimentat WHT using the Canary experiment



Proposed activitiesProposed activitiespp
WP1.4: OnWP1.4: On--sky optimization and sky optimization and y py p

exploitation of AO dataexploitation of AO data
WP1 4 5 PSF reconstruction for wide field AOWP1 4 5 PSF reconstruction for wide field AOWP1.4.5 PSF reconstruction for wide field AOWP1.4.5 PSF reconstruction for wide field AO

directly applied to MUSE instrument directly applied to MUSE instrument 
use of data from both LGS and NGS to derive PSF use of data from both LGS and NGS to derive PSF use of data from both LGS and NGS to derive PSF use of data from both LGS and NGS to derive PSF 

at any location of at any location of FoVFoV and every and every wavelengthwavelength
WP1 4 6 Lesson learned from SPHEREWP1 4 6 Lesson learned from SPHEREWP1.4.6 Lesson learned from SPHEREWP1.4.6 Lesson learned from SPHERE

feedback on critical design choices feedback on critical design choices 
i t f  SPHERE its lf d EPICS i t f  SPHERE its lf d EPICS improvement for SPHERE itself and EPICS improvement for SPHERE itself and EPICS 

perspectiveperspective



Proposed activitiesProposed activitiespp
WP1.5: Outreach (Porto, IPAG, ONERA, WP1.5: Outreach (Porto, IPAG, ONERA, ( , , ,( , , ,

Durham)Durham)
Demonstration bench not funded  but benches Demonstration bench not funded  but benches Demonstration bench not funded, but benches Demonstration bench not funded, but benches 

available in several placesavailable in several places
Main goal is to develop the educational Main goal is to develop the educational Main goal is to develop the educational Main goal is to develop the educational 

worksheets and validate in schools, etc. worksheets and validate in schools, etc. 



DeliverablesDeliverables



MilestonesMilestones

No more milestone in last version of No more milestone in last version of 
proposal ! proposal ! 
Internal milestones will still exist (see Internal milestones will still exist (see Internal milestones will still exist (see Internal milestones will still exist (see 

coordination)coordination)



Participants and effortsParticipants and efforts

Total level of efforts:
Manpower = 257 person monthsp p
Total cost = 2.680 M€ / 2.822 M€
Requested cost = 2.010 M€ / 1.939 M€



Thanks ! Thanks ! 


