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Abstract Observing a telluric standard star for correcting the tedlabsorption lines of spectrum will take
a significant amount of precious telescope time, espedialthe long-term spectral monitoring project.
Beyond that, it is difficult to select a suitable telluric stiard star near in both time and airmass to
the scientific object. In this paper, we present a method ofecting the telluric absorption lines by
combining the advantages of long slit spectroscopy. Bytirajahe slit, we observed the scientific object
and a nearby comparison star in one exposure, so that theaspédoth objects should have the same
telluric transmission spectrum. The telluric transmiegipectrum was constructed by dividing the observed
spectrum of the comparison star by its stellar template yeaslused to correct the telluric absorption lines
of the scientific object. Using the long slit spectrographifef Lijiang 2.4-meter telescope, we designed
a long-term spectroscopic observation strategy, and #dishfour-year spectroscopic monitoring for a
pair of objects (an active galactic nucleus and a non-vgrgomparison star). We applied this method to
correct the telluric absorption lines of the long-term ntored spectra by the Lijiang 2.4-meter telescope,
and investigated the variation of the telluric absorptiahkijiang Observatory. We found that the telluric
absorption transparency is mainly modulated by the sehsanability of the relative humidity, airmass
and seeing. Using the scatter of the [O IN$007 fluxes emitted from the narrow-line region of active
galactic nuclei as an indicator, we found that the correctiocuracy of the telluric absorption lines is 1%.

Key words: techniques: telluric absorption — methods: data analysiseehniques: spectroscopic —
quasars: individual (SDSS J1536+0441)

1 INTRODUCTION In addition, many sophisticated methods have been
developed. For example, using G2 V star as telluric
standards and the high-resolution spectrum of the Sun,

Ground-based optical and near-infrared spectra are coMaiolino et al.(1996 developed a correction method for

taminated by the variable absorptions of the telluricthe telluric absorption lines. Combininiflaiolino et al.

atmosphere. In order to retrieve the intrinsic spectralaig (1996's method with above traditional early-type star
of a scientific object, the traditional method is to observemethod Hanson et al(1996 2005 developed a method to

a telluric standard star (early-type star) near in both timeorrect the telluric absorption lines, which has to observe

and airmass to the scientific object, then using the telluriggn A-star and a G2 V star and involves a somewhat tedious

spectrum created from standard star to correct the tellurignd complicated reduction proces¢acca et al.(2003
absorption features by dividing the object’s spectrumdescribed a new method of generating a telluric correction
during the data reduction. Often, a rapidly rotating hotspectrum by using observations of A0 V stars and a high-

star (spectral type A or late B) is frequently adopted asesolution model spectrum of Vega, which is similar to the
the telluric standard because there are few and weak metgfocess described Byiaiolino et al.(1996.
lines in the spectrum around the telluric absorption bands.



183-2 K.-X. Lu et al.: Correcting Telluric Absorptions and Application

Another approach is to generate a theoretical telluricTable 1 Telluric absorption bands and selected windows
absorption spectrum of the atmospheric transmission frorim the optical region. B«” means the number of the
a line database and the observing condition. Based oalluric absorption bands (Col. (1)), these absorptiordsan
the available radiative transfer model, this approach hawith different absorption widths (Col. (3)) are caused by
been successfully developed by several groups (e.gdifferentabsorbers (Col. (2)).

Seifahrt et al. 2010Gullikson et al. 2014 Bertaux et al.

No Molecular Windows
2014 Cottonetal. 2014 Furthermore, some groups 1) @) @)
incorporated the radiative transfer model into their own B1 02 (v band) 6270A~6350A
code to fit an entire input spectrum (e.¢dusser et al. B2 Oz (Bband) + H2O  6830A~7050A
2013 Gullikson et al. 2014Smette et al. 2095 B3 H20 71430~ 7369/
: B4 02 (A band) 7550A~7750A
Actually, the above methods have several disadvan- BS H,0 8080A~83804

tages (e.g..Seifahrtetal. 201,0Gulliksonetal. 2011

(1) It is difficult to find a suitable telluric standard star
near in both time and airmass to the scientific object during
the observation. (2) The strength of telluric absorption
lines may significantly changes with the varying observing
conditions (such as the weather, airmass and seeing), even
if we find an ideal telluric standard star; it is almost
impossible to obtain the spectrum of scientific object and
telluric standard star under the same observing conditions
(3) If we conduct a long-term spectral monitoring study, Fitting by stellar
observing a telluric standard star near the same time to bemmplate M)
the object, we will take a significant amount of precious
telescope time. (4) The deviation of the modelled telluric
absorption spectrum is mainly due to the limited accuracy
of the meteorological data and errors in the radiative
transfer model. Therefore, in this paper, we described a
new method of correcting the telluric absorption lines from spectrum C(X)
the spectrum, and used it to investigate the variation o
telluric absorptions of Lijiang Observatory.

The paper is organised as follows. In Secti@gn
we described the correction method for the telluric . . L .
absorption lines of spectrum. We applied this method tdsuenuflc object in h|gh_ precision (€., Sdﬂj_et al.
the spectra observed by the Lijiang 2.4-meter teIescop%Olg' The second application of the comparison star

in Section 3, including observation, data reduction, the SPectrum is to correct the line broadening caused by

telluric absorption correction, accuracy evaluation, andS?emg ar:_d m_strt:ment@t(lbet ald 20_191 I?hth? appt))llcatéon_
investigated the telluric absorption features of Lijiang0 correcting instrument broadening, the fine broadening

Observatory. Sectionsand5 are discussion and summary, funct|on_ can be obtained from _the fitting between the
comparison star spectrum and its stellar template, then

Comparison Star Object
snsepPErasnsosrbongsslittesessnmraer ARG

Obs. stellar
spectrum S(\)

Obs. object
spectrumQ(\)

Y
Dividing by transmission
spectrum O()/T(3)

Transmission
spectrum 7 (\)

If:ig. 1 Schematic diagram of correction for the telluric
absorption lines.

respectively. we use the broadening function to correct the broadening

> METHOD of the emission-line profile through Richardseloucy
deconvolution algorithmRichardson 1972Lucy 1974.

2.1 Long Slit Spectroscopy Here we provide a new application of the comparison star

spectrum.
The spectrograph used in astronomy is often equipped
with a long slit (with different projected slit width), so 22 Fitting Spectrum and Correcting Telluric
that we can orient the long slit to take the spectra of the  Apsorptions
scientific object and a nearby non-varying comparison star
simultaneously. This observation method is widely usedn the scheme of long slit spectroscopy, the spectra of
in the reverberation mapping of active galactic nuclei tothe scientific object and comparison star are obtained
measure supermassive black hole mass and investigatenultaneously. Extraction processes of the observed
the physics of the broad-line region (e.gMaoz etal. object and stellar spectra are similar to the works of
1990 Kaspietal. 2000 Lu etal. 2019, because the Lu etal.(2016 andLu et al.(2019 (more details refer to
spectrum of the non-varying comparison star can bé&ect.3). The schematic diagram of correcting the telluric
used as the fiducial spectrum to calibrate the flux ofabsorption lines is shown in Figure We first obtain
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Fig.2 The spectrum of SDSS J153636.22+044127.0 - "O 0.0 wmemwwWWmM»
(J1536) observed by the Lljlang 2.4-meter telescope. Five Cﬂé —0.11

telluric absorption bands in the observed spectrum are 5000 6000 7000 8000 9000
marked by colour diagram (see Tali)e A (A)

the telluric transmission spectrum by fitting the spectrunig 3 The top panel is an example of fitting observed
of comparison star by a stellar template. Generally, thergpectrum C()\) by the stellar template, the observed
are two approaches to select the stellar template of thgpectrum of comparison star islue, and scaled stellar
comparison star: (1) selecting the most similar stellatemplateC’(}) in red. The bottom panel is the residual of
spectrum from the library of synthesis stellar model as thditting regions.

template of the comparison star (elgusser et al. 2013 , ) ) )
(2) s?earching the caIFi)brated specgralgof the comparis])on sté’rbta_“ned at the same time and with the same airmass and
from spectral survey database (e.g., SDSS, LAMOST) aseeIing. In fact, this step resembles the processRAF

the template of the comparison stafo fit the observed te;lurlc Ne>|<t we fo]e this methtg)d to (;Ot:re;t tEe teIIu2r|c:1
spectrum of the comparison star, the selected stelldf sorption lines of the spectra observed by the Lijiang 2.4-

templateM()) is shifted, broadened and scaled. That ISmetertelescope and investigate the variation of the tellur

the observed spectru(\) of the comparison star is absorptions af Lijiang Observatory.

Il f i
modelled by function 3 APPLICATION

Foay .
S'A) =PNIM) @ G(Shift, FWHM)]. (1) The Lijiang 2.4-meter Telescope (LJT) is located at

Here, P is a Legendre polynomial that accounts for thelijiang Observatory (E:100°01'48"”, N: 26°41'42",
mismatch in the continuum shape of comparison sta@ltitude: 3193 meters), and is administered by Yunnan
and stellar template, ang is a Gaussian kernel with Observatories of the Chinese Academy of Sciences.
parameters of velocity and shift that accounts for thelJT observation time is opening to the worldwide
mismatch in the line width and shift of the intrinsic astronomical community since 2008. The structure of
absorption lines. the 2.4-meter telescope including optical, mechanical,
It should be noted that the telluric absorptions frommotion and control systems along with its instruments
the red side of the optical spectrum to the near infraredre described bfan et al(20195 andWang et al(2019.
are mainly caused by), and H,O. The main telluric Basic observing conditions (including seeing, wind speed,
absorption bands include narrow oxygen bands (identifieweather and so on) are presented in the recent paper of
as the Fraunhofer, B, and A bands) and some comparablyXin et al. (2020. The Yunnan Faint Object Spectrograph
weak water vapour features. The telluric absorption bandgnd Camera (YFOSC) mounted on the 2.4-meter telescope
of the optical region with bandwidths (i.e., absorptionis @ versatile instrument for spectroscopy and photometry.
windows) are presented in Tahle(see alscSmette etal. As a versatile instrument, YFOSC is equipped with a
2015 Durmg the f|tt|ng of the observed Spectrum theserles of Grlsms Iong slits and filters. The Wavelength
spectral region within the telluric absorption windows coverage of these Grisms is about 368990004, the
(see Tablel) are masked. Then the telluric transmissionred side of spectrum observed by YFOSC is covered by
spectrum7()\) in the selected absorption windows is SOme telluric absorption bands. Correction of the telluric
constructed by dividing the observed spectrum of theabsorption lines is an essential step to extract the spectra
comparison staS(\) by the modelled spectrur’()\).  signals.
Lastly, we obtained the telluric absorption corrected
spectrum by dividing the observed object specti@f) 3.1 Observation Strategy and Spectral Monitoring
by the telluric transmission spectrufi(\), because the

spectra of comparison star and the scientific object ar-er0 estimate the correction accuracy of the telluric

absorption lines using the above described method, and
1 https://github. com BU- hamrer Team PyHanmer to investigate the variation of the telluric absorptions at
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Fig.4 The transmission spectra of Lijiang Observatory obtaime8dct.3.3 provide values from O (totally opaque) to 1
(fully transparency). The year of observation was notedhatitle of the panel, a transmission spectrum correspands t
one observation.

Lijiang observatory, we designed a strategy of long slittelluric absorption lines. On the other hand, J1536 is a
spectroscopy and developed a long-term spectroscoptandidate of supermassive black hole binary (SMBHB,
monitoring project using the Lijiang 2.4-meter telescopee.g.,Boroson & Lauer 2009Lu et al. 2016aZhang et al.

In the observation of active galactic nuclei, it is gengrall 2019, except for investigating the variation of the telluric
believed that the fluxes of the forbidden line [O IN$007  absorptions, we will use these long-term monitored spectra
emitted from the narrow-line region are stable in theto investigate the broad-line region and optical vari&pili
timescale of years (e.g-oltz et al. 1981Lu et al. 2016b  physics of SMBHB. The latter will be presented in a
2019. If the wavelength of [O 111]\5007 emission line separation paper.

locate in the telluric absorption band in the observed e have finished a four-year spectroscopic monitoring
frame, the apparent variation of the [O IINp007 fluxes for a pair of objects (J1536s. its comparison star). The
will be an indicator of the telluric absorptions and the gbservation started from 2017 and continued to 2020,
scatter of [O 11I]A5007 fluxes after correcting the telluric and the annual spectral sampling lasts from January to
absorptions can also be used to estimate the correctic®eptember. All spectra of J1536 and comparison star
accuracy. Therefore, we orient the long slit to take theare observed using Grism 8 mounted on the terminal
spectra of the object SDSS J153636.22+044127.0 (J1536f YFOSC, which provides a resolution of 78 mm~!

and a non-varying comparison star simultaneously, whergl.5 A pixel~!) and covers the wavelength range
J1536 is an active galactic nucleus (AGN) with redshift5000 A~9000 A, which fully guaranteed the study of
0.3889, and its optical spectrum observed by the Lijiandong-term variation of the telluric absorptions at Lijiang
2.4-meter telescope is shown in Figuge There are Observatory.

five telluric absorption bands in the observed spectra,

which are listed in Tablel and marked in Figur€. 32 pata Reduction

In the observed frame, the [O 11115007 emission line

of J1536 is in the B2 absorption band (see Figand Following the standard process included bias subtraction,
Tablel1), we can measure the scatter of the [O W§007  flat-field correction, wavelength calibration and spectrum
fluxes before and after correcting the telluric absorptiorextraction, we reduced the two-dimensional spectroscopic
lines and use to estimate the correction accuracy of thdata using the standardRAF(v2. 16) package. All
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to the corrected spectrum of the scientific object, we

0 2017-01-26 set the transmission of the wavelength regions outside
2‘/\ 0.75 the telluric absorption windows to 1 before correcting
=] the telluric absorption lines of the observed spectrum.
Z 0504 This is reasonable becausk and H,O molecular are
9 fully transparent for the photons from these wavelength

— uncorrected

regions (seeSmette et al. 2095 All transmission spectra

(in the telluric absorption windows) calculated from above

process were plotted annually in Figukeand we zoomed

in the B3 absorption bands and over-plotted in Figdre

The figure clearly shows that the telluric absorption depth

presents significant variation. We first used the telluric

transmission spectra to correct the telluric absorptioedi

of the observed spectra, then we obtained flux calibrated

spectra using the steps described in Se@i@nFigures is

an example for comparing the corrected spectra of telluric

absorptions and uncorrected spectra, where the top panel
dis the spectra of the comparison star, and the bottom panel

0254 — corrected

— uncorrected

corrected

5000 6000 7000 8000 9000

A (A)

Fig.5 Comparison of the telluric absorption corrected,
spectra (see Sec8.3 and uncorrected spectra in the IS the spectra of J1536.
observed frame. Only flux calibrated spectra are shown

in blue, the telluric absorption corrected and flux 34 Correction Accuracy of the Telluric Absorptions
calibrated spectra are shown iied. The units of F\ is

erg s cm~2 A~ The top panel shows the spectra of og stressed in SectioB.1, we selected a special AGN
comparison star, and the bottom panel shows the spectra&f J1536 with redshift 0.3889 to put its [O 11}5007
J1536. T : ’ ) ;

emission line drop into B2 telluric absorption bands, and
61eveloped a long-term spectroscopic monitoring, so that
we can use the scatter of the [O [IN5007 fluxes to
estimate the correction accuracy of the telluric absomptio

spectra were extracted using a uniform aperture of 2
pixels (5.7"), and background was determined from two

H H " " o "o 1A
adjacent regions 7.4 +14% and —7.4 147) I{'nes. Strictly speaking, the [O IIIN5007 emission line

on both sides of the aperture region. Spectral fluxes O0f J1536 drops into the red side of B2 telluric absorption

the scientific object were calibrated by the comparisorbanols that dominated by, molecular absorption
2 .

stars in two steps. (1) We produced a fiducial spectrum . i .

of the comparison star using the data from nights with N Practice, the fluxes of forbidden line [O 11§5007
photometric conditions. (2) For each object/comparisoffMittéd from the narrow-line region of active galactic
star pair, we obtained a wavelength-dependent sensitivif)UCléi IS @ constant over reverberation timescales (
function by comparing the star's spectrum to the fiducia€ars), therefore it can be used as an internal flux
spectrum. Then this sensitivity function was applied toCalibration standard (e.groltz et al. 1981Peterson et al.

calibrate the observed spectrum of the scientific object982 2003. Based on the reverberation mapping of
(also sed.u et al. 2016b2019. active galactic nuclei undertaken by the Lijiang 2.4-meter

telescopel.u et al. (20161 found that the [O 111]\5007
fluxes of NGC 5548 measured from flux calibrated spectra
show a small fluctuation at a level of 2%, which is regarded

In practice, we would better correct the telluric absonptio as the accuracy of the flux calibration. Meanwhile et al.

at first, and then calibrate spectral fluxes. In this case, w2019 recently found that the [O [1I]N5007 fluxes of

do not need to mask the telluric absorption bands agailIrk 79 give rise to the apparent variation at a level
during the spectral flux calibration. Following the methodof 5% over reverberation timescaleku et al. (2019
described in SectioB, we first use Equationij to model  further found that, if the [O I11]A5007 emission region
the observed spectr®()\) of comparison star (in counts). IS an extended source, the varying observing conditions
Because the wavelength coverage of all observed spectf@-9-, varying seeing) would cause extra dispersion of
is about 5000A~9000 A, these significant absorption the [O 11I] A5007 fluxes. It should be noted that the
bands listed in Tabl@ are included, and they are masked[O I11] A5007 emission region of NGC 5548 approximates
in modelling process (see Fig). Then we obtained the o the point source, and the [O IIN5007 emission region
telluric transmission spectrum by dividing the observed®f Mrk 79 is an extended source.

spectrumS(\) of the comparison star by the modelled To directly understand the impacts of the telluric
spectrumS’ (). In order to avoid introducing new errors absorptions on the scientific spectra, we measured the

3.3 Correction of the Telluric Absor ptions



183-6 K.-X. Lu et al.: Correcting Telluric Absorptions and Application

1.50 2017 2018 2019 2020

L T . T - . — ,
& T 1 : e < Py >
S o i i) |8 | b
= 1.25¢ ...s.':,.. :L U i,.. ! :L .

o5 LI A A R Y S S A B!
$3 1.00f 3 Te I t . I o o I i
S . . . ., L

L T ; T = T T
: | | |

| [ [

3 1.95 _....1:'.:.':5?1:3...‘..“ ....... :r.'........; ...... by i...& ..... TURL I U :, ....... gt
~— 1 1 I

— 1 I I

HE + = 2 ! ! ! cor

ig 1.00f <F§irm> 3% i i i - < FSiy > A

0 200 400 600 800 1000 1200

JD (42457700 days)

Fig.6 The [O I11] A5007 fluxes of J1536 in units of erg’s cm=2. The top panel shows the apparent variation of
the [O 111] A5007 fluxes measured from the flux calibrated spectrum (beforrecting the telluric absorption lines),
periodicity is caused by the seasonal variability of thetreé humidity. The bottom panel shows the scatter of the
[O HI] A\5007 fluxes measured from the flux calibrated and the tellabisorption corrected spectra. The year of
observation was noted in the title of the panel.

Table 2 Statistics of the telluric absorption features. Col. (1this integral transparency of different absorption bands.
Col. (2) is the absorber. The minimum, maximum and averagéaevof the integral transparencies for the different
absorption bands are listed in Cols. (3), (4) and (5), resmy. Col. (6) is the correlation analysis results§) between
the integral transparency and airmass. Col. (7) is the lativa analysis results-( p) between the integral transparency
and the width of star’s flux distribution.

T8+ Molecular Min(7s.) Max(IB«) ,@: Airmass FWHDMgtar
1) (2 3 (G) (5) (6) )

T1 O3 (y band) 0.985 0.996 0.9940.003 (-0.25, 0.07) (-0.07, 0.58)
2 O2 (Bband) + H20 0.934 0.976 0.96£0.011  (-0.52,3.9%107°)  (0.53,1.85105)
T3 H20 0.846 0.979 0.9260.039  (-0.41,1.5210~3)  (0.60, 8.36¢10~7)
T4 O3 (A band) 0.811 0.863 0.84%0.011  (-0.90, 9.561021) (0.28, 0.03)
a5 H20 0.917 0.996 0.9640.024  (-0.43,7.7¢10~%)  (0.59, 1.2%10~6)

[O 11T A5007 fluxes of J1536 from the flux calibrated As a comparison, we also measured the [O N3P0O7
spectra. We used two continuum bands (474040,& fluxes of J1536 from the flux calibrated and the telluric
and 5080-5110A in the rest frame) to set the continuum absorption corrected spectra. The measurement results
underneath the [O I11]A\5007 and H emission lines, were plotted in the bottom panel of Figuéor comparing
then we integrated the continuum-subtracted [OABDO7  with the measurements before correcting the telluric
fluxes between 4988 and 50254, and presented in the absorption lines, which shows that the scatter of the
top panel of Figuré. The figure shows the [O 11I\5007 [O 1IlI] A\5007 fluxes is 2.3%, and the apparent period
fluxes before correcting the telluric absorption lines,variation presented in the top panel is disappeared. As
demonstrating apparent period variation with a scatteaddressed above, the fluxes of [O INb007 are stable

of 7.8%. This scatter is larger than previous observatiomnough in the timescale of years if the [O IIN5007
record (such as 5% of Mrk 79 and 2% of NGC 5548). Theemission region is compact. In practice, the scatter of
apparent period variation follows the seasonal variabilit [O 111] A5007 fluxes (2.3%) is caused by the accuracy of
of the relative humidity of Lijiang Observatory (see fig. 22 flux calibration and the accuracy of the telluric absorption
of Xinetal. 2020. Qualitatively, January is the deep correction. If we assume that the flux calibration accuracy
winter of Lijiang Observatory, the atmospheric relativeof J1536 is the same with our previous experiment of
humidity is the lowest, then begins to increase slowlyNGC 5548 (i.e., 2%l_u et al. 2016y, this means that the
and reaches the maximum in the rainy season (about frocorrection accuracy of the telluric absorption lines using
July to September ). Therefore, accurate calibration of théhe method described in Secti@nis 1%. In addition, in
telluric absorption lines from the observed spectrum isorder to intuitively inspect the differences before anémaft
crucial for obtaining credible scientific data. correcting the telluric absorptions, we plotted the tétlur
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Py —— the a/vgraged integral transparen@, 5}3\2, §\B3, §B\4

N — corrected and.Zg;5) of the telluric absorption bands (B1, B2, B3, B4
and B5) is (0.991, 0.961, 0.926, 0.847 and 0.964) with
scatter (i.e., standard deviation) of (0.3%, 1.1%, 3.9%,
1.1% and 2.4%), this means that about (1%, 4%, 7%, 15%
and 4%) of photons propagated from the distant objects are
absorbed by th®, or H,O in these absorption windows,
respectively. We also listed the minimum and maximum of
the integral transparencies in Tal2le

o
RS e
. . ! A

F + offset (x10719)
Ju—
o

0-81 2017-04-19 We calculated the airmass in the middle of the expo-
0.61 sure time, and investigated the relation between the iategr
\ transparency and airmass. The integral transparency as
0.41 \ 2017-01-26 a function of airmass was presented in Fig@&eWe
0.2 : : : : : calculated the Spearman correlation coefficient between
6800 6850 6900 6950 7000 7050 7100 the integral transparency and airmass and listed in Table
A (A) These analyses show that the integral transparency of the

O, absorption band is well correlated with airmass, and
Fig.7 The telluric absorption corrected and uncorrectedhe integral transparency of thid,O absorption bands
[O 1] profiles from the observation of 2017 (in the can also be effected by airmass. In addition, we measured
observed frame), observation dates are noted, the uniffie width FWHM,,,,) of stars flux distribution from
of I’y are erg s'cm-? AL The differences of [O Hl] 5 ghort exposure image observed before and near the
profiles before and after correcting the telluric absormmio ; .
are presented clearly. spectroscopy, and showed the rglathn between the integral
transparency and thBEWHDMg,,, in Figure 10. We also
calculated the Spearman correlation coefficient between
the integral transparency and th&VHM.,, and listed
'E1 Table 2. In practice, the variation of'WHMgq,, IS
mainly modulated by varying seeing, where seeing is
always changing. These analyses show that the integral
transparency of thél,O absorption bands correlates with
the variation o WHMgi4, .

absorption corrected and uncorrected [O IlI] profiles
selected randomly from observations of 2017 in Figtre
The figure also demonstrates the differences of the telluri
absorption from the different observations.

3.5 Telluric Absorption Featuresof Lijiang
Observatory

In order to understand the variation of the telluric, pjscussioN

absorptions caused by the molecular@f and H,O or

both together at Lijiang Observatory, we calculated then the ground-based optical spectrum, the telluric absorp-
integral transparency (denoted B.) of each absorption  tion bands are caused by two kinds of absorbers: molecular
band using formula 0{[?12 T(A)dA/(A2 — Al) (where oxygen (2) and water vapourH-O). Based on the

Al and A2 are the edges of the telluric absorption bands|ong slit spectroscopy, we provide a accurate correction
T()) is the telluric transmission spectrum), and plottedmethod for the telluric absorption lines using the observed
them as the functions of time in Figu& where Bx” comparison star spectrum and stellar spectral library,
means the number of the telluric absorption band, whiclthe correction accuracy is 1%. Our correction method
corresponds to the number of Table Inspecting the for the telluric absorption lines has many advantages
figure, we can see that the variation of the integrabver the traditional method (i.e., observing the telluric
transparency for the telluric absorption bands mainly oistandard star), especially in the study of long-term spéctr
fully caused by the molecular dfi,O (i.e., B2, B3 and monitoring. For example, (1) the scientific object and
B5 absorption bands) is similar with the apparent periodts comparison star are observed simultaneously in the
variation of the [O 1] A5007 fluxes that contaminated long slit with the same observing conditions, such as the
by the H,O absorption (the top panel of Fig). The same airmass and seeing. Therefore, it is possible that the
seasonal variability of thH, O absorption bands is clearly correction accuracy of the telluric absorption lines using
visible, which is consistent with the seasonal variabitity this method (1%) should be better than the traditional
the relative humidity (see also fig. 22 ¥in et al. 2020.  method; (2) in the long-term spectral monitoring project,
Meanwhile, the integral transparency for the absorptiorwe do not need to take expensive telescope time to observe
bands caused by the molecular ©f, (i.e., B1 and B4 the telluric standard star in each sampling. Therefore, in
absorption bands) do not present obvious variation trenthe research of one-epoch spectral observation or long-
in the time domain. In the varing observing conditions,term spectroscopic monitoring, this work provides a kind
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Fig.9 Relationship between the integral transparency anéig. 10 Relationship between the integral transparency and

airmass. The results of correlation analysis are listed ithe width of star’s flux distribution{WHM.,,, measured

Table2. from the short exposure image observed before and near
the spectroscopy). The results of correlation analysis are

of worthy observation strategy and corresponding methoHSted in Table2.

to correct the telluric absorptions.

As described in Sectio@, the telluric transmission than 9000A, which is limited by the spectrograph of
spectrum is obtained from the process of fitting theYFOSC. Actually, because the wavelength ranges from
observed spectrum of comparison star by stellar templatQOOOA to around 1700@ exist the available continuum
through masking the discrete absorption windows. Thavindows (see the synthetic telluric absorption spectrum
discrete absorption windows mean we can select thealculated bySmette et al(2015 using the Line by Line
continuum windows in the spectral fitting process. InRadiative Transfer Model, the telluric absorption bands
this work, we only apply this method described inare also discrete), the application of this method can be
Section2 to the spectrum that its wavelength covers lesextrapolated from optical the region to 17080
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