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Abstract. Recently many modern instruments and systems have been developed
to study the Sun. For that, spectral instruments with high spectral resolution are
most often used. It is relevant to achieve high spatial resolution along with spectral one for many scientific tasks. In practice, the achievement of both high spectral and spatial resolution can be done by the use of integral field spectroscopy.
Current paper is devoted to searching for a system solution for an integral field
unit (IFU), which will be implemented to the optical system of solar telescopecoronagraph. The diameter of the main mirror is D = 3 m. Telescope’s working
spectral range is ∆λ = 390 − 1600 nm.
The integral field unit is based on reflective elements. It divides the input field
of a rectangular shape with a size of 0.7500 × 1200 (0.145 mm × 2.327 mm) into 8
parts with a size of 0.09400 ×9600 (0.018 mm×18.617 mm) each. The possibility
of creating an IFU optical system using a parabolic mirror for all (eight) channels
is shown. The quality of the optical system was evaluated, as well as the effect of
vignetting on the slicing mirrors.
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Introduction

Currently, the development and refinement of the characteristics of the KST-3 solar
telescope-coronograph [1-2] with the diameter of the main mirror D = 3 m is being
conducted. The equipment will allow observation and measurement of the solar structure with high spectral (R ∼ 300, 000) and spatial (0.100 ) resolution.
The solar telescope-coronagraph’s characteristics are presented in Table 1.
It is relevant to achieve high spatial resolution, along with spectral one, in astronomical optical devices. However, classic spectroscopy can only provide high spectral
resolution. The task of achieving high spatial resolution can be solved by building a
spectral block by using the integral field spectroscopy technique.
Integral field spectroscopy is an area in astronomy that allows to collect information
about the spectrum of a two-dimensional field with high spectral resolution and the
spatial one.
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Table 1. The main characteristics of the telescope
The field of a rectangular shape 600 × 1200
Focal lengh
40 m
Aperture
0,075
Spectral range
0,39 - 1,60 µm

Schematically, the method of integral field spectroscopy is presented in Figure 1.
The Gregorian mirror system 2 [1-2] forms an image of the Sun’s part 1 with a diameter
of 20 . The field stop 3 in front of the integral field unit 4 (IFU) ”cuts” a 1.2 mm×2.3 mm
rectangular field in the focal plane of the telescope, which corresponds to an angular size
of 600 × 1200 . Further, the integral field unit 4 transforms a two-dimensional rectangular
field into a set of long slits 5, which are the object for a spectrometer 6. The spectrometer
6 forms spectral images 7 of a slit 5 in the spectral range of 0.39 − 1.60 µm.

Fig. 1. Integral field spectroscopy: 1 – the Sun, 2 – the Gregorian telescope, 3 – field stop, 4 –
integral field unit, 5 – a set of longslits. 6 – a spectrometer, 7 – longslits’ spectral images

Today, projects such as MuSICa [3-5], MUSE [6-10], FISICa [11-12], developed
by the use of integral field spectroscopy, merely begin to be implemented. There are
no such implemented systems for studying the Sun in a wide spectral range (0.39 −
1.60 µm).
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Image Slicer

A distinctive feature of the spectral block, constructed using integral field spectroscopy,
is the implementation of the integral field unit 4 into the optical system (Figure 1). The
main element of such a system is an image slicer, which is installed in the focal plane of
the telescope and divides the field into the desired number of slices. It can be designed
based on [13-15]:
– an array of microlenses,
– an optical fiber,
– an array of small-width mirrors.
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In this work, since the device should operate in a wide spectral range, it is advisable
to use an array of reflective elements to cut the field. Moreover, it is a compact, elegant
and highly efficient solution that can eliminate many of the critical drawbacks of other
alternative designs for an IFU. When using a mirror image slicer, there is no overlapping
of the spectra, as in the case of microlenses, and it does not have the disadvantages
associated with optical fibers, such as a deterioration of the focal ratio, transmission
loss of infrared wavelengths and the depolarization nature of the fibers as a whole.
An IFU principal scheme with an array of plane mirrors as an image slicer is shown
in Figure 2. The diverging light beam 1 from the focal plane of the telescope is divided
into parts by an array of plane mirrors 2 (image slicer). Those mirrors are tilted in
different directions. Further, focusing mirrors 3 forms an image of the slit in the plane
4. The image 4 is fed to the input of a spectrometer, forming spectral images of the slit.
The axis on which the array of mirrors of the image slicer 2 is located is perpendicular to the plane of the figure.

Fig. 2. Image slicer: 1 – light beam, 2 – image slicer, 3 – focusing mirrors. 4 – longslit
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The System Solution of an Integral Field Unit

In the current paper, the angular size of the rectangular input field is 600 × 1200 . It is
necessary to provide a resolution limit of 0.100 at the output of the optical system. Thus,
dividing the input field by 64 slices is sufficient, which allows to get a final slit of size
0.09400 . At the first stage the rectangular field is divided into 8 parts, and at the second
stage - into another 8.
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Modeling of the second stage of the integral field module is shown, since the rectangular field is reorganized into a narrow slit on the second stage.
Figure 3 shows a system solution of the second stage IFU. The light beam from the
telescope 1 is focused in its focal plane 2, where an image slicer is installed (the figure
shows only one channel). Further, the reflected light beam enters the parabolic mirror 3.
The parallel beam is directed to a system of flat mirrors 4-5, which work like a scanning
system and serve to reorganize a rectangular image into a narrow slit. After reflection
from the mirror 5, the light beam is focused by a paraxial lens 6 in its focal plane 7.

Fig. 3. The system solution of an integral field unit (the only one channel is presented)

Figure 4 shows the IFU system solution with all channels. A single parabolic mirror
is used for collimation, as if all the channels made up a single light beam. This approach
makes it possible to collect images of all channels in one plane, and provides a minimum gap between images. In addition, another advantage of using a parabolic surface
is the equal directivity of the beam apertures of all channels, which is important for
connecting with the next block (spectral).
For transforming a rectangular image into a narrow slit, it is necessary that the
images of all slices have gaps between them in the meridional plane. In the sagittal
plane they should form a straight line. The first requirement is achieved by arranging
the elements as shown in Figures 3-4. To fulfill the second requirement, it is necessary
to achieve the displacement of the slice images due to the rotation of the flat mirror 5
(Figure 3) along the Y axis. The rotation of the flat mirror is calculated by the following
equation:
a
α= ,
(1)
b
where a is a linear coordinate of the slice central point, b is the distance from paraxial
lens 6 (Figure 3) to the image plane.
Angles of each mirrors’ tilt in respect to the telescope optical axis are shown in
Table 2. These values represent the minimum values for the effective positioning of all
the elements in space. The width of each mirror is equal to 18 µm. Figure 5 shows the
image slicer with four mirrors, since the other four are tilted by the same degree, but in
the opposite direction.
Figure 6 shows the spot diagrams for eight channels and three points of the field of
the integral field unit. The discrepancy between the spots of the extreme points of the
field of different channels is explained by the use of a common parabolic mirror: for
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Fig. 4. The system solution of an integral field unit (all the channels)
Table 2. The main characteristics of the telescope
Mirror’s number 1 2 3 4 5 6 7
8
Tilt, angular degrees 14 10,5 7 3,5 -3,5 -7 -10,5 -14

Fig. 5. Image slicer (four mirrors are presented)
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different zones of this element, the distances from the focal plane are not equidistant.
This is the disadvantage of using a single surface for collimating beams of all channels.
Also, it can be seen that the light beams of the extreme points of the field are vignetted. This situation is explained by the fact that the beam aperture exceeds the angular size of the image slicer.

Fig. 6. Spot diagrams
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Conclusion

The paper shows the possibility of designing an optical system for an integral field
unit based on a single reflective element for several channels. The concept of integral
field spectroscopy is explained, a schematic diagram of the technique is proposed. The
classification of optical elements performing image slicing is shown, and the choice of
an array of small-width mirrors for this problem is justified.
A system solution of the integral field unit is shown for dividing the input field
of a rectangular shape 0.7500 × 1200 in size (0.145 mm × 2.327 mm) into 8 parts of
0.09400 × 9600 in size (0.018 mm × 18.617 mm) each. The quality of the resulting
system solution is estimated by diffraction limit on aperture stop and by vignetting and
diffraction effects on image slicer. Using the presented system solution, it is possible to
develop an integral field unit for the use in astronomical optics systems, as well as for
other applications.
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