Opto-Electronic Engineering Artl Cle

% ¢ x 4

20184 , 5545% , 51188

DOI: 10.12086/0ee.2018.180058

1.8 m APAEE T B RIRAR -

LY — Drive A1
$ jt 1}1 -\L—l— E ) Polarizer
2 g Drive B1 d Wheel A
15 mm VWheel B ] Focus 2
BeAE 123 4K HE L2° TG B 12 Dmve D Drive A
Wave plate
! 610209
2 610209

3 100049

HE. FE 1.8 m A2 it45(Chinese large solar telescope, CLST)E /Tt K fapiktd S5 E A Z R HEMNE, R
T R GAR T RN E MR, FFEERREETHIRT, RERBBLEMLESNTA T, ZHEIRT R0
MEHE. B, FEAMapdts T LT HARBBIRIATATE . A, KIS BIRITE G REFF k7T AR,
FREZ T 412t CLST #9fhdfds 2 LT 7 K.

KRR KA, mBMNE; R, NERK

FESHES: 0436.3 HkFRERE: A

IR BRAK, RKIE, B E. 1.8 m KA Z R mikArE 20 [J]. Ae 42, 2018, 45(11): 180058

Polarization calibration unit design of 1.8 m
Chinese large solar telescope

Yao Benxil23, Rao Changhuil?®, Gu Naiting?2

'Key Laboratory of Adaptive Optics, Chinese Academy of Sciences, Chengdu, Sichuan 610209, China;
IInstitute of Optics and Electronics, Chinese Academy of Sciences, Chengdu, Sichuan 610209, China;
*University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: It is the main task for the Chinese large solar telescope (CLST) with a 1.8 m aperture to measure the solar
polarization with a high accuracy and sensitivity. However, the telescope system itself will introduce instrumental
polarization. It also will change constantly with the rotating of the telescope and will reduce the accuracy. Therefore,
a calibration unit is necessary to calibrate it. In this paper, we introduced the polarization calibration method and
proposed a calibration unit structure.
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Table 1 The parameters of CLST system
Parameter Value
Aperture size of M1/mm ®1800
Field of view (FOV)/(") 203
Wavelength cover/nm 380~2500
Image space F# F/54.5
Focal length/m ~96
CLST A4
CLST Mpll Mp12 Mp13 O
M M M 0
Mp _ l p21 p22 p23 , (5)
S 2 Mp31 Mp32 Mp33 0
M 0 0 0 Mp44
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M M, ;=M =(K, -K,)sin260
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Fig. 2 Optical scheme of polarization calibration method
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Table 2 Polarization modulation program
Number Polarizer angle/(°) M4 wave plate angle Stokes
1 0 none 100
2 45 none o110
3 90 none [1-100]"
4 0 45° oo

A3 ApRATE AR ER

Table 3 Accuracy requirement of polarization calibration unit

Parameter Error
K <0.001
64/(°) <0.05
5/(°) <0.1
62/(°) <0.05
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Table 4 System parameters in F2

Parameter

Value

Circular diameter/mm
Image scale/("/mm)
Focal length/mm

F ratio

Power density/(W/cm?)
Power/W

27
18.93
10897
6.2
26
160
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Table 5 Requirements for motor drives

Drive A Drive A1 Drive B Drive B1
Position precision/(°) <0.05 <0.05 <0.05 <0.05
Position repeatability/(°) <0.1 <0.1 <0.1 <0.1
Rotation speed/(rpm) >3 >10 >3 >10
180 mm
Flange
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€ )
© Polarizer
©  Drive B1
Wheel B Wheel A
15 mm] Focus 2
Drive B Drive A
H5 CLSTAHRERAHELEMTER
Fig. 5 Configuration diagram of CLST calibration unit
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Table 6 The device and their useful on the rotator
Device Application
Al Rotating polarizer 1 To i.nt.roduce linear polarization
In visible wavelength
To introduce linear polarization
A2 Rotating polarizer 2 I . ucel P zal
In near infrared wavelength
A3 Full FOV
A4 Fiber adapter Holder for a fiber
A5 Empty For later use
A6 Empty For later use
To introduce circular polarization
B1 A4 wave plate 1 I, ) ! reviar poarizatl
In visible wavelength
To introduce circular polarization
B2 A4 wave plate 1 . P
In near infrared wavelength
B3 Full FOV
B4 Pinhole To align the wave front sensor and so on
B5 Resolution target Used for focusing M3
B6 Slanted edge target To measure directly the MTF
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Overview: Practically all solar phenomena are more or less relative to the solar magnetic field. It produces relatively
stable structures like sunspots or prominences and is responsible for spectacular dynamic phenomena like flares or co-
ronal mass ejections. However, the generation, amplification and destruction of magnetic fields remain poorly unders-
tood. The knowledge of its magnitude and direction is crucial for interpreting measurements of other parameters, and it
can be measured usually by a polarimetry at some special spectral lines, which should be sensitive to the Zeeman effect.
To answer what physical mechanisms are responsible for heating the corona, what causes variations of radiative output
in the Sun, and what mechanisms trigger flares and coronal mass ejections and so on, many large aperture solar tele-
scope have been developed (such as VIT, GREGOR, NST) or have being developed (such as DKIST, EST), and the
Stokes polarimetry is their most important observational device for determining the magnetic field. The Chinese large
solar telescope (CLST) with a 1.8-m aperture is a classic Gregorian configuration telescope with an alt-azimuth mount.
It will be the second largest solar telescope in the world for a long time. And it is the main task for the Chinese large
solar telescope (CLST) to measure the solar polarization with a high accuracy and sensitivity. However, as a classic Gre-
gorian configuration telescope with an alt-azimuth mount, the telescope system itself will introduce instrumental pola-
rization. And it also will change constantly with the rotating of the telescope. Therefore a calibration unit which pro-
duces light of known polarization states is necessary to measure the Muller matrix of the system and apply the correc-
tion numerically on the measured Stokes vector.

In this paper, we introduced the polarization calibration method and proposed a calibration progress. Since the tele-
scope is rotational, symmetric down to M4, the position of the secondary focus F2 is appropriate for a calibration unit
because the components before it do not contribute to the Muller matrix. F2 is an extremely useful position in CLST. It
should be used not only for polarimetric purposes but also for internal alignment. Thus the calibration unit becomes a
more versatile device. Then we design the structure of CLST calibration unit with two turnplates. The calibration unit
optics equipped on these turnplates will consist of a rotatable linear polarizer, and two rotatable achromatic quarter wave
plates which are in use alternatively for visual range or infrared observations. And there are also some other space on the
turnplates to realize the internal alignment purposes.

Citation: Yao B X, Rao C H, Gu N T. Polarization calibration unit design of 1.8 m Chinese large solar telescope[J]. Op-
to-Electronic Engineering, 2018, 45(11): 180058
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