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Sep2015: AOF facts and considerations

» A deformable secondary mirror DSM with 1170  ~20cm actuator

actuators, conjugated to ~ground Spamg projected
on

» Four laser guide stars 20w each,
driving a 40x40 SHS for GLAO (4
WEFSs in total).

GLAO for NIR and

SCAO with NGS and

Consider using the 21cm spacing (and 4 20W laser) to push
correction to shorter wavelengths.

Adding post-focal DMs is changing the game => increase
corrected FoV beyond limitation of natural angular
anisoplanatism.



Correction in the visible......650nm images from
Forerunner at LBT

B ] atv: Gliese_5_3000.fits (200x200) (=10 | I T S

e ColorMap Scaling Labels Blink Rotate/Zoom Imagelnfo Help

similar images from
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—No WCS Info—-

SPHERE...
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[ Zoomin H ZoomOut H Zoom1 H FullView H Center ‘

-well tuned 500 modes
reconstructors

-NCPA compensated at 6 and 3
lambda/D

- in dome psfs with and
without 0.8 seeing turbulence
showing Strehl of 50%.

...visible is doable....




Advantages of visible observations
w.r.t. NIR

A) Large visible detectors are cheap (compare to NIR), and detector quality
is much better (dark current, cosmetic, warm and simple)

B) B) Sky background is small (1000 to 10000 times darker than K),
difference with space is small too.

C) “low-noise” (<1e- RON) large (4k x 4k) and fast (10 frame/seconds)
detectors already exist ! (e.g.Gach et al.)

C1: Post processing Tip-Tilt correction (100% sky coverage, images are
re-centered post-facto)

C2: Higher order post-processing (e.g. multi-frame deconvolution) in
order to recover some of the partial correction of the AO

=> C1,2 may relax significantly the constraints on the AO system !



VIS MCAO 4 VLT: talk summary

A first assessment of # of LGSs and # of DMs considering
AOF availabilty i.e. 4LGSs and DSM (1170 acts)

E2E simulation exploring restricted parameter space for
LGSs and DMs (assume VLT environmental parameters)

A 5(4) LGSs & 2 post-focal DMs optomechanical sketch.
compare VLT and HST PSFs at 650nm: SNR in R band filter

Conclusions about VIS MCAO performance (and FoV)



Basic limiting factors for VIS MCAO
system

total wf error: we want to achieve ~ 30%SR at 650nm (e.g 30% of
energy in a 2lambda/D patch), requires ~1rad”2 overall AO error.
At 650nm 1 rad eq. to ~ 100nm

(1)generalized anisoplanatism (& fitting) error (# DMs,
# Acts)

(2) tomographic error (# of LGS, theta of LGS)




Tomografic reconstruction and DMs correction
efficiency

plot showing residual rms for WF reconstruction and DMs placements optimized for
science FoV ™~ eq. to LGS asterism

Pure tomographic error vs DM number
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plot does not include fitting error (dact/ro)*5/3 data from T. Fusco, LAM



Basic error budget :
VLT AOF environmental parameters assumed. B -
-Expected fluxes for ESO AOF (~100phot/ms/
sub, 40x40 sub)

-seeing = 0.73 arcsec ol
-l0=25m :
1) tomo+gen_anisoplanatis = ~¥90nm

2) DM fitting error ~ 50nm (DSM)

3) LGS photon noise ~ 50

4) TT residual NGS ~ 30nm (from E2E modal decomposition)

3DMs (2post focal & 5 LGS) sigma_tot ~ 125nn....
move to E2E simulations
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E2E simulations main parameters

Atmosphere:

— Seeing (@zenith) 0.66”
— Ly25m

— Cn2 ERIS profile (10layers)

— zenith angle 30°
— input wf std. dev. 1042nm

NGS:

— WHEFS: 2x2 SH
— @GS on-axis with R=12,19

LGS:

— WEFS: 4, 5& 9 40x40 SH
— asterism:

4LGS@FoV (150fot/sub/frame)

5LGS: 4@Fov + 1 on-axis (150fot/
sub/frame)

9LGS: 4@FoV + 4@FoV/2 + 1 on-
axis (75fot/sub/frame)

DM1 (ASM 1172 acts): Asterisms:
— Height Om .
RN
— 945 KL modes '\ I
DM2 (ALPAO 241 acts) ~=7
— Height 5000m A "X
— 252 KL modes A '/'
DM3 (ALPAO 241 acts) A~ Sk
— Height 10500m LX)
— 252 KL modes Piied
7 A S
S N »
I ( 1 \
\\ ~&7 |y

4+1 LGS ~ 3+1 LGS, may save
central LGS, (TBC)




E2E results @650nm

(1) bright LGS (x10); (2) bright NGS (mag 12); (3) centered NGS Animation!
650nm
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Results comparison
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(Briefly) Effects of:

(1) off axis NGS, (2) flux of NGS, (3) flux
of LGS, (4)3+1 ~ 4+1 (when LGS is
concerned)



SR(650nm)

3+1 ~ 4+1 (when LGS is concerned...)
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Bright NGS off axis

650nm
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System SC: tip tilt
FoV for |R<15|R<16|R<17 |R<18|R<19
reference star Ok%
Y
3x10% random directions in 5° HHHHH

radius circle around Galactic GSC NGP
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o 80r ]
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o - P i
G a0l . 7 | using post processing
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real LGS fluxes: results @650nm
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Opto-mechanics

2post focal DMs
4+1 (3+1), 8+1 LGS
1 or more NGS (VIS or NIR)



MCAO relay arrangement

~ 500 mm

v

A

K-mirror
(removes
elevation:

OAP2 LGS dichroic (folds
M2 & .LGSS NGS light below
are fixed) MCAO bench)
]
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NGS and LGS footprints on DMs

DM @ 5km
Diam. max =44mm

DM @ 10km
Diam max = 44mm
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MCAO bench & LGS 9x WFSs
arrangement

LGS trombone

NGS/LGS dichroic
Blue = NGS +

LGS light path
Yellow = LGS
light path

9x LGS WFSs

DM
10km
IR NGS WEFS
NGS part attached to
Instrument

mechanical derotator to
VIS focus
track sky




9x LGS pickoftf

) ~ 1000 mm
t ﬁ * : LGS Trombone
|
- _Jl: | LGS 2x beam 8x pickoff mirrors (in red) for
e z — $  expander 11.25” and 22.5” off-axis LGSs
£ (10mm diameter)
S e AL, D On-axis LGS is transmitted
o
i
2 4. 9x LGS WFS
below MCAO
relay
LI v
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INAF - ARCETRI
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from 45x45 arscec to 90x90

3DMs: DSM + 2 post focal DMs, 5 LGS (4+1)

possibilities for a double size FoV like 90x90 with same performances:
1) option a: MCAO system with a 4-5 post focal DMs and ~10LGS
2) option b: a 2x2 45x45 arcsec a) 2 post focal DMs b) 5WFS/LGS (4+1) tiled, a total of 9LGS

Big Fov MCAO SMCAO
All DM Ground DM optimized
optimized in in the Big FoV
the Big FoV Altitude DM optimized

in smaller fields

Already discussed in the past by R. Ragazzoni & B. Neichel
figure from B. Neichel, LAM



HST and VLT VIS comparison



https://jwst.stsci.edu/instrumentation/telescope-and-pointing/
image-quality-and-psfs

JWST in VIS

F200W F200W
03 02 0.1 0. -0.1 -02 -03 2 15 1 05 0. 0.5
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-1.5
-02 -02
=3 =1
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0. 0. 0. -. - 0.
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0.1 0.1
1. 1.
02 02
15 1.5
03 03
25 2.
03 02 0.1 0. -0.1 <02 -03 2. 15 1. 05 0. & TP

“JWST will be diffraction limited at 2um, defined as having a Strehl ratio >0.80. JWST will
achieve this image quality using using periodic wave-front sensing and control of the

primary mirror. The observatory and pointing-control system are designed to limit image
motion to less than 7 milliarcseconds during observations.”

80% SR at 2um => 142nm rmes, this gives a 15% SR, assuming no tip tilt residual error.




HST & VLT VIS MCAO

Table 4.2: Imaging at Optical Wavelengths (350 nm - 1000 nm).

WFC3/UVIS ACS/WFC \
FOV area 162" x 162" 202" x 202"
(arcsecz) (26,183) (40,804)
Broad-band throughputl @BV, 1,z 0.23,0.28, 0.16, 0.09 0.34,0.41, 0.36, 0.20
Pixel scale (arcsec) 0.040 0.049
Number of pixels 4k x 4k 4k x 4k
Read noise (e7) 3.1 4 30
Dark current (e7/pix/hr) 7 22
Number of filters 49 27 29
Number of full-field filters 32 12
Number of quad filters 17 15 o
Number of polarizers 0 6 <
= 28
/M
HST Total System Throughputs <
05F m &
04F E 27
% 03F —
E o2k WEC3/UVIS _: 26
01k - Nl('MOS/NI(’J;
0.0E 1 L L LNy
200 300 400 500 700 1000 2000

Wavelength (nm)

we are referring to

ACS/WEFC in the

following

discussion

HST - Limiting Magnitude in 10 Hours
;_ WEC3/UVIS _;
E ACS/WEC E
E_ ACS/HRC _;
E NICMOS/NIC3 é
E Point Sources (Optimal Extraction) g
200 300 400 500 700 1000 2000
Wavelength (nm)

Limiting magnitudes for point sources in 10 hours.



VLT MCAO VIS vs HST/WFC

Throughput in simulations
HST ACS-WFC F625W-77~0.4, [548-707]
VLT (VIMOS R filter) ~0.3, [558-730]

Object detected flux for R=25:
e VLT =20.0ph/s

e HST =2.0ph/s

Background flux:

* VLT = 846ph/asec?/s

* HST =35ph/asec?/s HST/RCS UFC F254_77
Plate Scale: 4
* VLT =10mas

e HST/ACS-WFC = 50mas
RON:

* VLT = 2e-/pixel

6000 6300 6600
Wavelength (A

* HST/ACS-WFC = 8e-/pixel

2 2
S N R = )/source / \/)/source + )/bckgp + Oron N pix



profile

Results @650nm

(1) real LGS flux, (2) NGS 12mag (3) NGS on axis
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given as diameter



Source R=25 @650nm, bright NGS b NGS (Re12)

On-axis NGS

wl=6560nm, R=25.0, time: 1000.00g wl=650nm, R=25.0, time: 1000.00s
2000 T .:n T T T T T T T T I T T T T T T T 2.0X104 LI B S T T T ’_I... e T T “
: FoV=30", 41GS FoV=30", 4LGS e

Fov=30", 5LGS|
Fov=45", 5LGS
Fov=45", 9LGS

: Fov=30", 5LGS
[ FoV=45", SLGS

- ’E‘ L
] o i
Q
— FoV=45", 9LGS 1 B -
£ 1500} HST H <, 1.5%x10*H HST
o} ¥ -
8 ) ] i :
g 1 3 I
e .
- ‘ g " EE
2 N\ 7 5] r
T 1000 ks — = 1ox10t- '
5
4&; . - % -
=, 1 g I
. 4 q .
2 Profiles _ ; i
b3 500 — g 5.0x10°
& . 5 2. ~
2 in photons - -
] : I
w

0 . . e ()] L areii L
0 20 40 60 80 100 10 100
radius [mas] radius [mas]
wl=6560nm, R=25.0, time: 1000.00s
100 T T T T T T T T W1=650nm, R=250, time: 1000.00s
i ’ FoV=30", 4168 —— || oo T ET oo Tt T

, FoV=30", 5LGS ———————— L i
i FoV=45", 5LGS e - s -
80 FoV=45", 9LGS L

SNR
1& y-Linear

e

Z - y-Log «
w

Lok FoV=30", 4LG§ ———————— ||

L FoV=30", 5LG8 —————— N

L FoV=45", 5LGS —— |

L N L FoV=45", 9LGS ]

Y T R ‘ L L _ HST —— |

10 100 PR R RN | L L P S R | L L L
10 100

radius [mas]
radius [mas]



Source R=30 @650nm, bright NGS

wl=650nm, R=30.0, time: 1000.00s
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Source R=30 @650nm, faint NGS

wl=650nm, R=30.0, time:

profile [detected photons]
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Resuming comparison: dt=1000s

source HST ACS/WEFC VLT VIS MCAO
R mag

10mas 50mas 10 mas 50mas
25 13 30 49 55 3.8-1.8 14.4-3.4
30 0.28 0.56 1.6 0.77 5.7-19 32.5-1.7

wl=650nm, R=30.0, time: 1000.00s

> 30 mag R star at SNR =5 R —
» VLT ~ 1074s (2.7h) over 20mas disk - 4, B —
<> HST ~ 8e4s (22h) over 100mas disk Y i
<> HST ~ 3.2e5s (88h) over 20mas disk \

1 : N
corrected FoV is 30x30 or 45x45 with : \\ E
minor losses in performance (2 post focal O il e TS
DMSI 5 LGS) o radius [mas] 100




E SCA0 +—+ |3
E FoV=10", 41GS +—+ [

05[ FoV=30", 41GS +———+ []
E FoV=30", 51G:

» error budgets and E2E simulations shows that :*{\;\\5\
AOF HW ASM + 4LGS plus 2 small (50mm) TN —

post focal DMs provides a good MCAO system \\
for VIS (650nm), <SR> 30% for 30” diameter.

» 2 post focal DMs, 4+1 LGS (30” or 45”) and
5 WEFSs 40x40 subapertures. A first
compact Im x Im x 1m arrangement for
optomech is outlined.

» on a 30mag source (in 1000s) VLT achieves i et e e
better SNR than HST. Up to 6 times on A PEE——
10mas rad and up to 1.9 on 50mas rad. VLT

detects 30 mag at SNR=5 in 2.7h against HST
22h.

I 2 years post-doc position available at LAM to work on Wide Field AO VLT3 [ e




Conclusions Ii

The VIS MCAO at VLT (does benefit a lot from AOF
existing HW):

(1) it provides good performance compared to HST,

detects mag 30 in ~ 3h (HST ~20h) at 5x the HST
spatial resolution (10mas).

(2) it is designed using commercial DMs and parts,
seems of limited complexity and cost.




