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Table 1 Commonly used narrowband filters with their corresponding observational targets

Wavelength/nm Line Target z(Lya)
387 [O17] Star-forming regions and galaxies 2.18
395 CaHK Cool stars, such as M dwarfs and brown dwarfs 2.24
486.2 Hp Emission nebulae 3.00
495.9 [OI11] Planetary nebulae and supernova remnants 3.08
500.7 [O11]] Same purposes as 495.9 3.12
656.3 Ha Emission nebulae and stars 4.40

FRG T2 A F A8 i 6 B AR AR B T 4 s
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Fig. 1 Schematic of on-axis and off-axis incident light, red

and green denoting on-axis and off-axis respectively.
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Table 2 Specifications for WFST

Item Specification
Aperture 2.5 m
Field of View (FOV) 3°
Etendue 29.3 m? - deg’
Wavelength 320~960 nm

Image Quality diameter < 0.4”
Blinding Pointing 5"

Tracking 0.1”(One loop, 1 min)

WFSTH] £ 8 1 % 82.5 m, # LA F/2.49.
EHOGE R G, W%l 2 (N5 #8 A% Bt K AT
1£13.27°, H 52w A AT 208 . X H 0 K K (Cen-
tral wavelength, CWL) 4395 nm1j 656 nm[#] ¥ #f
BT, 79 90K A 45 8 910 nm5 1 nm ) 3E% A (B
395 nm/10 nm, 656 nm/1 nm). M7 H O 4L ff
B G, A RN A RREE AT, 3k
B OE I AR i E AP s AR YRS A E
(1) 78 MO AEAUME i 2 it 26 (1) 2 15 42 98 (Full width
at half maximum, FWHM).

3.2 MASTAEGHF MR

2 3% K B BE R (MASTA) 3 2 F kit
B EPTRRER ER K. R3G T
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Fig. 4 Simulated filter transmittance of WFST
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Table 3 Specifications for MASTA

Ttem Specification

Optical Designs Prime Focus

Aperture 710 mm
FOV 6°
Focal Length 1238 mm
Resolution of Detector 8k x 8k
Maximum Quantum Efficiency >90%

58-6

SFHAN R G, R SE AN IE RO
(1) £ 0 Bl DA R0t 7 1 2 388 A8 1 R BN R 4T R,
FEE F O K IR i IR R S NS A R R
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WEFSTHIEELF /2.49, HaMg KNS fM13.27°.
TE 5 K A % b, w0 3% K 43 i 9 395 nm5 656
nmf¥] A5 37 8 6 A 1 B oK 0 9 K R 0.78%.
MASTASE G A Ly F/1.74, HiAMR KNS N
18.48°. 1 f K i % Ak, w0 3 K 43 71 9 395 nm
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Table 4 On-axis v.s. off-axis incidence angle

differences and bandpass variation in telescopes

Bandpass/ Incident light Bandpass
Telescope
nm position/° changed (%)
on-axis 0~11.89 2.10
10
off-axis 1.78~13.27 2.67
WEFST
on-axis 0~11.89 31.10
1
off-axis 1.78~13.27 41.80
on-axis 0~16.66 2.98
10
off-axis 4.57~18.48 4.17
MASTA
on-axis 0~16.66 53.00
1
off-axis 4.57~18.48 81.70

x5 HLE K EIRRE S NG BENXR
Table 5 Relationship between blue-end shift of

central wavelength and incidence angle

Max
Central Max incident
Telescope wavelength
wavelength/nm angle/°
shift (%)

656 0.78

WFST 13.27
395 0.78
656 2.70

MASTA 18.48
395 2.70

LALH 2 = 2.28 )Ly R SR N1 24K A o
O K395 nm A Ay YE O WL IR, % H AR S
PRI P KA ons = Ao(1 4+ 2) = 399.8 nm. K6 &
JR T AL I B A BN AR AR AL T LR 0
TEELC TN B 5, LI £ 8 M8 1) w2 K.

o AR IEAE 2 o 6 o WL R 46 40
fhTHE2. 2489 HAR KRR, O K W, il g
i, 5 W {1 375 1ok 2R T A B B AN g Y L
M S5 R . TR IR T 96 A8 IO K g AR 4
5 B0 R S 26 R 1 % 1 B8 & 4 A (Spectral
Energy Distribution, SED), 7] LAi&E # L E |, &
PR VRS 5 R UE ' i S 2 ek UL K
SRR, B FME 5 S A R0m 7 o YO

204] i ' [ [ [
=222}
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Fig. 6 When observing Ly« emission lines at 1216 nm with
a narrowband filter centered at 395 nm, the correlation
between measured redshift values and angle of incidence
obtained by WFST and MASTA were plotted. The dashed
lines indicate the maximum incidence angle

within each optical system.
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Table 6 Analysis of incidence angle impact on

signal-to-noise ratio in narrowband photometry

6/° SNR/dB SNR retention (%)
0 16.6 100.00
2 16.4 98.80
4 15.9 95.78
8 15.3 92.17
12 14.4 86.75
16 13.8 83.13
18 13.0 78.31

Note: measurement conditions: wavelength (656 +10) nm,

integration time 90 s.
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Performance of Narrow-band Imaging for MASTA and WFST

XU Xiaol? LOU Zheng!? PING Yi-ding!? DONG Yun-fen!?3 ZHENG Xian-zhong!?*
(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 School of Astronomy and Space Science, University of Science and Technology of China, Hefei 230026)
(8 CAS Nanjing Astronomical Instruments Co., LTD, Nanging 210042)
(4 Tsung-Dao Lee Institute, Shanghai Jiao Tong University, Shanghai 201210)

AsstracT For wide field telescopes with small focal ratios, the performance of narrow-band filters is
significantly affected by the deflection of the light incident angle. From the center to the edges of the
field of view, the deflection of the incident angle gradually increases, resulting in a blue shift of the
central wavelength of the narrow-band filter, a broadening of the bandpass, and an attenuation of the
maximum transmittance. For planned imaging with WFST (Wide Field Survey Telescope) and MASTA
(Multi-Application Survey Telescope Array), we analyze the changes in the central wavelength and
bandpass of different narrowband filters with the radius of the field of view. The focal ratio of WFST is
F/2.49, and the maximum off-axis incident angle is 13.27°. At the maximum deflection, the central
wavelength of the narrowband filters at 395 nm (656 nm) is blue-shifted by 0.78%, and the broadening
of the 10 nm and 1 nm bandpasses will reach 2.67% (41.80%), and the maximum transmittance
attenuation is 80.00% (74.50%). The focal ratio of the MASTA telescope is F'/1.74, and the maximum
off-axis incident angle is 18.48°. At the maximum deflection, the central wavelength at 395 nm (656
nm) exhibits a blue shift of 2.70%, the broadening of the 10 nm (1 nm) bandpasses will reach 4.20%
(81.70%), and the maximum transmittance attenuation coefficients will be 80.00% and 63.90%,
respectively. In the future, narrow-band imaging observations with WFST and MASTA need to take
into account the effects of central wavelength blue shift and bandpass broadening.

Key words telescopes, instrumentation: filter, techniques: photometers, wide-field imaging
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