Technological activity
INn solar physics
@ Arcetri

Design and construction
of multi-etalon imaging spectrometers




Solar spectroscopy

Conventional spectrometers (slit)

Pros: spectral simultaneity
Cons: monodimensional spatial simultaneity

Imaging spectrometers

Pros: bidimensional spatial simultaneity
Cons: no spectral simultaneity




Operative
solar Imaging spectrometers

“HiH

IBIS — Interferometric Bldimensional Spectrometer
Operative since June 2003 at the Dunn Solar Telescope
of the National Solar Observatory (USA — NM)

CRISP — CRisp Imaging SpectroPolarimeter
Operative since April 2008 at the Swedish Solar Telescope
(La Palma — Canary Islands)
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OPTIMIZATION

Wavelength stability
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FPI detuning <>
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Spectral homogeneity of the FOV = Diameter of each FPI
Spacing of each FPI
Parasitic light < Reflectivity of each FPI
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IBIS Layout

Spectro-polarimetric configuration!
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Wavelength scan along the 8542 A Call line profile
High order AO

27 spectral points by 80 mA step
Diffraction limit: 0.28 arcsec

Passband FWHM = 44 mA
Exposuretime: 25m s

512 x 512 pixels (bin  ning 2x2)




Core of the 6563 A Ha
Passband FWHM = 22 mA

AO + speckle interferometry




Monochromatic Imaging of Fe 1 7090 A, AA =30 mA

Simulations IBIS Observations

Vaogler, et al., 2003




630.2
Magnetogram
2
=]
-
2
-
(=]
w
L
=
[=}
.E
=

Imaging spectropolarimetry of weak magnetic
pores in the photosphere from 1BIS (above) and the SOT/SP
scanning spectrograph on the Hinode satellite (below). The
magnetogram covers 16" x 30", extracted from a 40"x 80"
field acquired in 23 seconds with IBIS and 10 minutes with
SOT/SP (Judge et al., 2009).




Line Core Stokes V ‘ Stokes U ‘ I ‘ v ‘ UJ

Intensity | blue wing blue wing

AT

Fe 1630.2 nm - Photosphere

Gtakes U, blis Inbo

Ca 11 854.2 - Chromosphere

0 3

Imaging spectropolarimenry of active region NOAA 10941 in
the photospheric Fe [ 630.2 nm and the chromospheric Ca I §54.2 nm
line. Images show the line center intensity and maps of the Stokes V/I and
U/l amplitude in the blue wing of the line. Artificial “slit spectra” of Stokes
1, Vand U extracted from the imaging data cube are shown on the right.
FOV is approximately 40" x 80" arcseconds. Tritschler et al., 2009, in
preparation




THE IBIS-VIR

(Interferometric Bldimensional Spectrometer for Visible and InfraRed light)

PROJECT




Why infrared wavelengths?

While IR observations have the drawback of a reduced diffraction-limited resolution,
this is compensated by several interesting properties that make them well suited for
state-of-the-art solar physics. These include:

1 — The much improved seeing stability with respect to visible wavelengths.

2 — Reduced instrumental polarization.
3 — Improved magnetic sensitivity.

4 — The presence of several unique spectral diagnostics:

a) the Hel multiplet at 2083 nm, uniquely suited to diagnose magnetic field in a thin
region at the base of the corona

b) the doublet of Fel at 1560 nm, sensitive to weaker photospheric magnetic fields than
conventional visible lines, allowing better tracing of magneto-convective and local
dynamo processes

c) the Mnl 1526 nm line, that possesses extraordinary sensitivity to weak field strengths
d) some molecular lines (OH at 1541 nm) seen only in sunspot umbrae

e) the opacity minimum at 1650 nm, making possible to observe deeper by about 40 Km
from the visible photosphere where the energy balance rapidly changes from convective
to radiative transport

We seek to build an instrument, specifically a near-infrared spectro-polarimeter (NIRBIS),
which in conjunction with IBIS will give the community unique imaging spectropolarimetric
capability across the photosphere-chromosphere domain.
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The NSF request
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If the NSF request will be approved
we shall need ...
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THE ADAHELI PROJECT
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ADAHELI - Configuration—24/09/08

3 ADAHEL/

ADvanced Astronomy for HELlophysics




ADAHEU]

2100 mm

ADvarniced Astrornnomy for HElL/loplhivusics
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If the B phase of Adaheli will be approved
we shall need ...
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EST

(European Solar Telescope)

&
ATST

(Advanced Technology Solar Telescope)

PROJECTS




ATST (EST)
main characteristics

Entrance pupil: 4 m

Field of view: up to 5 arcmin

Wavelength range: near ultraviolet (0.3 p) to thermal infrared (28 )
Spatial resolution: better than 0.03 arcsec (= 20 Km on the solar surface)
Polarization accuracy: 1/10 000" of intensity

Scattered light: coronographic in near-infrared
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Finding 3. VTF Development.

The SWG underscores that the VTF imaging spectro-polarimeter
will play a key role in fulfilling the scientific objectives of the ATST
by providing rapid and accurate spectral information over
extended fields of view at diffraction-limited resolutions.

Given this opportunity for strategic, high-impact science, the SWG

considers it essential that the VTF is fully operational early in the
telescope commissioning phase.
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Major problems of large diameter etalons
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All these problems are under study in Arcetri
within the EST Phase A




