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Large aperture 4-meter telescope
to be built in the Canary Islands

AIM:

High-spatial and high-temporal resolution
accurate multi-wavelength polarimetry of the

photosphere and the chromosphere, both with
narrow band filters and 2-D spectrographs
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ESY Photosphere — temporal evolution EAST

European Association

Swedish 1—m Solar Telescope, L. Rouppe van der Voort & M. van Noert (University of Dslo or Solar Telescopes
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CSY Chromosphere — temporal evolution
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Photosphere + Chromosphere
temporal evolution
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GST Photosphere + Chromosphere EAST
temporal evolution

for Solar Telescopes

Centro Ha
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Photosphere - Polarimetry EAST
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Photosphere - Polarimetry EAST
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MHD Simulations EAST

Original 4-m Telescope 0.75-m Telescope
1031, noise Same Int. Time
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Magnetic coupling of the solar atmosphere:
from the deep photosphere

up to the upper chromosphere

u
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« How does the magnetic field emerge to the
surface and evolve?

 How is energy transported from the photosphere
to the chromosphere?

 How is the energy released in the upper
atmosphere?

 Why does the sun have a hot chromosphere?
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CSY Telescope and instrumentation EAST
key requirements -

p
or Solar Telescop

« High angular resolution, with AO and MCAO for
atmospheric distortion correction

* High precision polarimetric capabilities, for accurate
maghnetic field determination

« Simultaneous observation of photosphere and
chromosphere = multiwavelength, imaging and

spectroscopic, capabilities
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Design baseline
* 4-meter diameter

- On-axis Gregorian configuration

 Alt-Az mount

* Simultaneous instrument stations (each with several
wavelength channels)

- Broad-band imager
- Narrow-band tunable imager
- Grating spectrograph

« AO/MCAO integrated in the optical path

1st SOLARNET School
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€61\ 14-MIRROR COMPENSATED DESIGN EAST

European Association
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\ Elevation

A%, axis

Pupil DM Azimuth
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Polarimetrically
compensated

Polarimetrically
compensated
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€61\ 14-MIRROR COMPENSATED DESIGN EAST

or Solar Telescopes

Elevation
axis

1 Transfer optics:
/ Azimuth
‘ axis | 7 mirrors = Optical derotator
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GST MUELLER MATRIX EAST

for Solar Telescopes
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GST PROPERTIES EAST

for Solar Telescopes

> Telescope Mueller Matrix is Unity for all wavelelegths
and independent of:

* Elevation

« Azimuth

» The transfer optics represents a de-rotator of Mueller matrix
Unity (7 mirrors) = no rotating platform is needed for instruments

» Instruments are fixed = larger stability

» Polarimeters may be located in any place = more flexibility
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« Ground layer turbulence:

Ground :;‘E-

Same effect on whole FoV .

Telescope

 High-altitude turbulence:

Differential seeing across FoV

eformable mirro

NAAAAS

Deformable mirror
i 15
Thcle ]

* Distance to high-altitude turbulence

varies along the day

Wide field WES

Focus 2 (correctg e

WFS
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AO: Ground layer e
turbulence correction | W
1 / e — < \
Pupil DM .
8cm subaperture size ; ot
1852 subapertures total | 4
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cSY AO/MCAO DMs

AO: Ground layer
turbulence correction

Pupil DM @ VTT/Tenerife
7 cm subaperture size

36 subapertures total
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cSY AO/MCAO DMs EAST

MCAO: High-altitude - // \\
turbulence correction / N

Several DMs V/

| —
1 I
——

30 cm subaperture size

128 subapertures total \\ / |

FOV: 70” B %
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CSY AO/MCAO DMs EAST
MCAO: High-altitude // =
turbulence correction / \\

Several DMs
30 cm subaperture size
128 subapertures total

FOV: 70”
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EST FEM ANALYSIS EAST

elev ang=0 e_ ag=0 s poke=0 ruck|
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ANSYS 11.05P1

OCT 9 2000
17:52:36
PLOT NO. 1
NCDAL SCLUTTCN
STEP=1
SUB =3
FREQ=15.117
USOM (AVG)
RSYS=0
PowerGrarhics
FFACET=1
AVRES=Mat
DMK =.017214
SMY =.835E-09
SMX =.017214
'835E-09
= 1001913
1003825
B -005738
B 007651
0 009564
= 011476
= 013389
o 015302
017214
'835E-09
o 001913
o 1003825
B 1005738
o .007651
== 1009564
= 011476
= 013389
o 015302
017214
'835E-09
0913
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CSY PRIMARY MIRROR EAST
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CSY SECONDARY MIRROR EAST
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Electrical equipment
« 1|
Fix cove
Hexapod, fix stage
r
Heat exchanger —
Hexapod, actuators
Mobile coxer _
Hexapod, mobile stage
Impinging jets o — Inlet plenum
Suction hoses Outlet plenum
Tip tilt, piezo actuators
M2 mirror gap o
Tin tilt. membrane
M2 mirror
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CSY INSTRUMENTS EAST

e Instruments:

— Broad-band imager
— Narrow-band tunable filter spectropolarimeter
— Grating spectropolarimeter

e Number of instrument channels:

— Broad-band imager: 3

— Visible narrow-band filter (A<1100 nm): 3

— NIR narrow-band filter (A>700 nm): 2

— Visible spectrograph (A<1100 nm): > 5 spectral lines
— NIR spectrograph (A>700 nm): > 3 spectral lines

M. Collados 1st SOLARNET School
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Blue Arm Red Arm
Channel 1 Channel 2 Channel 3
Call core Ca ll wing Ho
Ca Il continuum G Band CalllR

CN band head

Brackett continuum

Paschen continuum

Ho continuum

G band continuum

Ca ll continuum
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eST

BROAD-BAND IMAGER EAS
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Mode 1: HIGH RESOLUTION MODE - SMALL FOV

- 0.015 “/px
- FOV: 60” X 60”

Mode 2: LOW RESOLUTION MODE - LARGE FOV

- 0.030 “/px
. FOV: 120" X 120”

M. Collados
Instituto de Astrofisica de Canarias

First Doublet

High Resolution Doublet

M2 M3
FPA
BS2
——FPA
M1 Large FOV Doublet} Filter Holder
FPA|
M4 BS1
Filter Holder
Linear Stage Linear Stage
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SPECTRAL INSTRUMENTS  EAS

p Association
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Data cube
T (X,y,A)

But

Detectors are only
sensitive to 2D
images
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Filtergrams
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ST\ NARROW BAND IMAGING: EAST
FABRY-PEROT INTERFEROMETERS

Collimated Mount:

|F1

- IBIS (double)

|F1

Telecentric Mount:

M. Collados
Instituto de Astrofisica de Canarias

GFPI (double)

IMaX
(single, double-pass)

CRISP
(double)

TESOS
(triple)

1st SOLARNET School
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G"\T NARROW BAND IMAGING: EAST
2! \FABRY-PEROT INTERFEROMETERS %

Etalon Size:

Collimated Mount:
Etalon Diameter:

Telecentric Mount:
Etalon Diameter:

cI)ET =1.4-107°- FOVCI)T
ok
A

For A\A/ A = 5e®% and FOV = 60:

Etalon Diameter: 184 mm

®,.. =48-10°-FOV -®_ - F#

For F# =200 and FOV =60":
Etalon Diameter: 230 mm
For F# = 150:

Etalon Diameter: 170 mm

M. Collados 1st SOLARNET School
Instituto de Astrofisica de Canarias Wroclaw 24 Mar- 4 Apr/2014




ST NARROW BAND IMAGING: EAS]
FABRY-PEROT INTERFEROMETERS

t
elescopes

How to fabricate such a big etalon with

the required precision?

Weight of 230 mm Etalon: approx. 7 kg !!

How to mount such heavy devices

without gravitational bending?

1st SOLARNET School
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IMaX/Sunrise 09/06 Velocity A ST

pean Association
polar Telescopes

0 20 30 40
arcsec

IMaX/Sunrise 09/06 Linear Polarization

Stokes (Q2+U?2)V/2/|,
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EST —30 km
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eST

SPECTROGRAPHS

= Main science programs:

EAST

European Association
for Solar Telescopes

Flux tube Network
updated elements Magnetic |Hanle effects Flares Planets Sunspots
Wavelengths prog 2.1.1/2- | prog2.2.2.1 canopies prog 2.3.5.2 updated prog 2.8.1 prog
(nm) Line SRD prog 2.2.1/ 1 of SRD prog 2.6.1.2 /3 24045
3933 Call K X X
396 8 Call H X X
397 Hs X
4102 H& X
4227 Cal X
517 2-518 3 Mglb X
525 Fel X
557 b Fel X
588,99 NalD2 X
589 b NalD1 X X
630,2-630,3 Fel X X
656 3 Hex X
766 5-769 9 KID X
777 Ol triplet X
849 8 Call X
854 2 Call X X X X
10827 Sil X X
1082,9-1083,0 Hel X
1526 Mnl X
1565 Fel X X X
2222 8-2230 Til
M. Collados 1st SOLARNET School
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GST\ SPECTROGRAPH ALTERNATIVES EAS
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Long-slit Standard Spectrograph (LsSS)

Tunable Universal Narrowband Imaging Spectrograph

(TUNIS)

Multi-channel Subtractive Double-Pass spectrograph

(MSDP)

Multi-slit multi-wavelength Spectrograph with IFU

M. Collados 1st SOLARNET School
Instituto de Astrofisica de Canarias Wroclaw 24 Mar- 4 Apr/2014
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Mirror
Collimator
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TUNIS

Grating

Mirror
Camera

EAST
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First pass

Second pass
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TUNIS @ THEMIS

Beam re-injection
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TUNIS
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GST\ MULTI-CHANNEL SUBSTRACTIVE
DOUBLE-PASS SPECTROGRAPH

(MSDP)

M.C

Instituto ae Astromnsica ae Lananas

C2

EAS

EEEEEEEE

Grating

Entrance
window

MSDP
image

F3
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MSDP Slicer concept

M. Collados
Instituto de Astrofisica de Canarias
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€61\ INTEGRAL FIELD SPECTROSCOPY EAST

European Association
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Telescope Spectrograph Spectrograph
focus mnput output

e
oy
o

p' o 0o © ©
Lenslets -.. imasewl c o o o
1 S Datacube

M B s =
... Fibres : slit

Lenslets . ==
+ fibres ﬂ.-- : = E
MO B . | |
Image -... v, 1 1 shit
slicer ‘.-- ;U
Hawm 4
1 2 3 4
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INTEGRAL FIELD SPECTROSCOPY
€ST EAST

ropean Association
r Solar Telescopes

MAIN IDEA: to observe all points in a 2D FoV
and obtain the spectrum from them all
simultaneously

60 1
§ 401
20 1 .
i ] |
0] r v :

0 20 40 60
SIMULATED EST FOCAL PLANE SIMULATED EST DETECTOR
M. Collados 1st SOLARNET School
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GST\ IFU: image-slicer EAST

for Solar Telescopes

1 Macro-slicer - to divide the FOV into 8 smaller fields

1 image-slicer per slit

i 17 B - -

At the telescope focal plane ul ‘\‘ -t = FISICA
= MUSE
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IFU: image-slicer

EAST

European Association
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GST\ SUMMARY OF EAST

European Association

SPECTRAL INSTRUMENTS CONFIGURATIONS

Fabry-Perot LsSS TUNIS MSDP IFU

FoV 60” x 60” 120” x 0.1” | 120” x 120” | 120” x 8” 12” x 6”
(32” x 30”)

Scanning A X A X X-y
Spatial high moderate high high high
Resolution
Spectral moderate high moderate | moderate high
Resolution

+ TELESCOPE SCANNING FOR LARGER FOV

M. Collados

1st SOLARNET School
Instituto de Astrofisica de Canarias

Wroclaw 24 Mar- 4 Apr/2014




LIGHT DISTRIBUTION

Visible station

BS1

D3

A

380nm-500 nm

BS2

Visible Guest
Instrument

b

- BB2
FM1g FM c3 380nm-500 nm

Multipurpose Grating
Spectrographs

SPVISI (390nm-560 nm)
SPVISII (660nm-1100nm)

Light beam from telescope

NIR station

NIR guest
Instrument
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