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GST The EST

The European Solar Telescope (EST) is a 4-meter diameter world-class
facility designed to measure the properties of the solar magnetic field with
great accuracy and high spatial resolution. It will be located in the Canary
Islands, Tenerife.
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651- daptive Optics (AO) at the EST

The optical layout of the EST features two main AO modes:

* A conventional AO (CAO): The CAO mode uses the ground layer Deformable Mirror
(DM) and a high order correlating Shack-Hartmann wavefront sensor (HOWES).

* A Multi-conjugate AO mode (MCAQO): The MCAO mode uses five DMs conjugate at
different heights. It uses the high order sensor for the pupil DM and one wide field low
order sensor (LOWEFS), with less sub-apertures but wide FoV, that senses the field-
dependent and weaker aberrations of the high altitude turbulence.

Parameter AO MCAO

DM heights [km] |0 0, 1.6, 6.6, 10, 23
Spatial sampling |8 8, 30, 30, 30, 30
[cm]

Sensing field 1 19

points

Subaps/pupil 50 13

diameter
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MCAQO systems at the EST
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651- Solar MCAO

» Most solar observations are performed at visible wavelength
» Solar wavefront sensor uses extended objects
» Wavefront pupils are large and suffer from intrinsic anisoplanatism

» Solar observations are performed at very high airmass thus turbulent
volume increases with angular distances ~ sec (a)

» The sky coverage is 100%
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Order of the DMs

There are two options to place the DMs in the optical train:

Correcting the layers in the
same order as they are

optically conjugated:

this is the way the correction is usually
performed in all night-time infrared
MCAO systemes.
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Reimagining, correcting the
layers in the order inverse to
conjugation:

this is the way the correction is

performed in the solar MCAO systems
being designed.

Uncompensated : Fully
Turbulent ige Partly compensated images compensated
layers P \ M ‘ image
Object | | | Lo /| ﬂ \
{ ‘ },’\'3 : g b j |
‘ﬁ( B o e - e 4 1 ) Y
(I "5‘ i | U \
L1L2 L3 (1) (2) €3 (1) 2 Cl

From “Adaptive Optics for Astronomical telescopes”, J.W.Hardy, Oxford University Press 1998




Gs-r Order of the DMs

» There are practical implications that degrade the performance and have
prevented any solar MCAO system to close the loop at high order.

» According to Schmidt et al. it is due to dynamic pupil distortion caused by
high-altitude DMs yielding a misregistration between DMO and the small
subapertures on-axis WFS.

» The solution so far has been placing the HOWFS before the high altitude
DMs, and filtering the low order modes. The HOWES is only used to
control the high order modes of the pupil DM, that cannot be seen by
the LOWFS.

» An alternative solution could be to correct turbulence layers in the order
that are optically conjugated . Does it improve the performance of the
system?




Scintillation effects on wavefront

eST

propagation

It has been shown by Montecarlo simulations that a perfect cancellation of
amplitude and phase is only achieved if the correction is applied sequentially
in reverse order of turbulence occurrence.
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Effects of scintillation due to
wavefront propagation are
important for V band and
high airmass (Flicker 2001).
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cS) What does theory tell us?

Scintillation arises in optical propagation when turbulence-induced
phase aberrations in one region are converted by propagation over long
distances to amplitude fluctuations at the receiver
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651 MCAO Approximations

» Atmospheric turbulence for astronomical observations :
Propagation distances z ~ 100Km
r,=20 cm A=500nm =>r,2/A ~400Km >> z

According to the theory, scintillation effects can be neglected.
This result contradicts the simulations performed by Flicker (2001) !!!!

» In Solar AO the “guide stars” are not point-like, they are

extended objects
» Sensing wavelengths is polycromatic

how critical are scintillations effects?




651 Simulations with ZEMAX

In order to verify if the correction depends on the DMs sequence,
we have designed a simple optical system with ZEMAX

DESIGN:

» We simulated two phase screens with IDL using a Kolmogorov model

» We used paraxial optics maintaining constant the size of the pupil (F/12)

» The correction is done by using the same phase screens with opposite
sign

» The wavelengths are 450nm,500nm and 550nm

EVALUATION:

» We have used the Physical Optics Propagation (POP) tool to evaluate the
wave propagation

» The quality of the image in the focal plane is evaluated with the
diffraction encircled energy

» Two cases have been evaluated: large and small phase aberrations




T Irradiance and large phase aberratiory

Direct correction,
phase PtV: 5 A
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Update Settings Print Window Text Zoom Update Settings Print Window Text Zoom
0.0361 3.1416
0.0325s 2.5133
0.028% 1.8850
0.0253 1.2566
0.0217 0.6283
0.0181 0.0000
0.0144 -0.6283
0.0108 -1.2566
0.0072 —-1.8850
0.0036 -2.5133
0.0000 =-3.1416

Total Irradiance surface 7 FAR FIELD

Phase surface 7 FAR FIELD

Lens has no title.

20/03/2014

Wavelength 0.45000 pm in index 1.00000 at 0.0000, 0.0000 (deg)
Display X Widcth = 9.3102E+000, Y He:.ght = 9,3102E+000 Millimeters
Peak Irradiance = 3.6125E-002 Watts/Millimeters+2, Total Power = 1.0000E+000 Watts
Pilot: Size= 3.8641E+000, Waist= 3.7059E-001, Pos= -9.9512E+003, Rayleigh= 9.5881E+002

Lens has no title.
20/03/2014
Wavelength 0.45000 jm

= -1.2290 radians, pl
Pllot Size= 3.8641E+000, Waist= 3.7058E-001,

in index 1.00000 at 0.0000, 0.0000 (deg)
prlay X Width = 9 3102E+000, Y Height = 9,3102E+000 Millimeter:
r Phase hase ref to radius -9. 9512E+DD3

Pos= -9.9512E+003, Rayleigh= 9.5881E+002




T Irradiance and large phase aberratiory

Inverse correction,
phase PtV: 5 A
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Havelength 0.45000 pm in index 1.00000 at 0.0000, 0.0000 (
lay X Width = 1.0004E+001, Y HE}

t = 1. 0004E+001 Hllllle
a Irradiance = 3.2194E-002 Wa Power

illimeters+2,
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Pilot: Size= 4.0000E+000, Waist= 4.0000E+000, Pos= 9 5915E+DDD, Raylelqh— 1.1170E+005

Lens has no title.
20/03/2014
navelength 0.45000 pm in index 1.00000 at 0.0000, 0.0000 (deg)
Display X Width = 1.0004E+001, ¥ Height = 1. 00042‘001 Hllllmeters
Center Phase = -0.0003 ra‘*ans, phase ref to a
9.5915E+000, Rayleigh=

plan
Pilot: Size= 4.0000E+000, Waist= 4.0000E+000, Pos= 9 1.1170E+005




Encircled energy
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Correction in the pupil plane

Encircled energy

Correction out of the pupil plane
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Lens has no title.
20/03/2014

Wavelength: Polychromatic
Surface: Image (F)

atm_2050mm_128_reim.ZMX
Configuration 1 of 1

Lens has no title.
20/03/2014

Wavelength: Polychromatic
Suzrface: Image

o |l@ | =

atm_Z20S5SO0rmm_128.2MX
Configuration 1 of 2

In this simulation the correction of the two layers is limited by the correction out of the
pupil plane, phase is so large that rays are out of the field
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-’Tlrr lance and small phase aberratio

Direct correction,
phase PtV: A
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Total Irradiance surface 7 FAR FIELD

Phase surface 7 FAR FIELD

Lens has no title.

20/03/2014

Wavelength 0.45000 ym in index 1.00000 at 0.0000, 0.0000 (degq)

Dlsglay X Width = 2.5290E+001, Y Height = 2.5290E+001 Millimeters

Peak Irradiance = 3.9426E-003 Watts/Millimeters~2, Total Power = 1.0000E+000 Watts
Pilot: Size= 1.2491E+001, Waist= 1.4689E-001, Pos= -1.2809E+004, Rayleigh= 1.5064E+002

Lens has no title.

2070372014

Wavelength 0.45000 pm in index 1.00000 at 0.0000, 0.0000 (deg)

Display X Width = 2.5290E+001, Y Height = 2.5290E+001 Millimeters

Center Phase = -1.6516 radians, phase ref to radius -1.2809E+004

Pilot: Size= 1.2491E+001, Waist= 1.4689E-001, Pos= -1.2809E+004, Rayleigh= 1.5064E+002
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Inverse correction,
phase PtV: A

lance and small phase aberratio

{§] 11: Physical Optics Propagation 5 o |[®][= {# 11: Physical Optics Propagation 5 o [ &) 23
Update Settings Print Window Text Zoom Update Settings Print Window Text Zoom
3.71E-003 - B 3.1416
3.34E-003 e o 2.5133
2.96E-003 ). B 1.8850
2_.59E-003 1.256¢
2_.22E-003 0.6283
1.85E-003 0.0000
1.48E-003 -0.6€283
.
1.11E-003 F -1.2566
: o
7.41E-004 LY ' -1.8850
3.71E-004 4 e -2.5133
0.00E+000 e = -3.1416

Total Irradiance surface 10 FAR FIELD
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20/03/2014

Wavelength 0.45000 pm in index 1.00000 at 0.0000, 0.0000 (deg)

Display X Width = 2.4994E+001, Y Height = 2.4994E+001 Millimeters

Peak Irradiance = 3.7062E-003 Watts/Millimeters~2, Total Power = 1.0000E+000 Watts

Pilot: Size= 1.2500E+001, Waist= 1.2500E+001, Pos= 3.1921E+002, Rayleigh= 1.0908E+006

Lens has no title.

20/03/2014

Wavelength 0.45000 pm in index 1.00000 at 0.0000, 0.0000 (deg

Display X Width = 2.4994E+001, Y Height = 2.4994E+001 Millimeters

Center Phase = 0.0118 radians, phase ref to a plane

Pilot: Size= 1.2500E+001, Waist= 1.2500E+001, Pos= 3.1921E+002, Rayleigh= 1.0908E+00€




Encircled energy
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GST Conclusions

» Amplitude fluctuations can be cancelled if the correction is done in
the inverse order of turbulence layer ocurrence (Flicker 2001)

» Theory of wavefront propagation agreed that amplitude
fluctuations are negligible for astronomical observations and
therefore the performance of the MCAO system is independent of
the sequence of turbulence correction

» ZEMAX simulations have been performed to confirm this theory.
However, no clear conclusions can be extracted from these
simulations because irradiances are different for the two cases,
whereas the encircled energies is the same




