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Abstract The Fourier transform spectrometer (FTS) is a core instniffog solar observation with high
spectral resolution, especially in the infrared. The IrdcaSystem for the Accurate Measurement of Solar
Magnetic Field (AIMS), working at 10-13m, will use an FTS to observe the solar spectrum. The Bruker
IFS-125HR, which meets the spectral resolution requireimiehl MS but simply equips with a point source
detector, is employed to carry out preliminary experimamtAIMS. A sun-light feeding experimental
system is further developed. Several experiments are takbérthem during 2018 and 2019 to observe
the solar spectrum in the visible and near infrared wavelemgspectively. We also proposed an inversion
method to retrieve the solar spectrum from the observedi@rtggram and compared it with the standard
solar spectrum atlas. Although there is a wavelength limitadue to the present sun-light feeding system,
the results in the wavelength band from 0.45+inDand 1.0—-2.2m show a good consistency with the
solar spectrum atlas, indicating the validity of our obgsgwconfiguration, the data analysis method and
the potential to work in longer wavelength. The work proddaluable experience for the AIMS not only
for the operation of an FTS but also for the development cfdisntific data processing software.
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1 INTRODUCTION Infrared solar spectrum contains lots of scientific
advantages relative to the other wavelength. First, it is
Astronomical spectrum provides us a unique opportunityhelpful for the accurate measurements of solar magnetic
to quantitatively investigate the physical parameterdields. The ability of a magnetic sensitive line is generally
of the observed objects, e.g., chemical compositionrepresented by Zeeman sensitivity, which is the ratio of
temperature, abundance, line-of-sight velocity, pressurthe Zeeman splitting divided by the spectral line width
and the magnetic field, and so ofefinyson 2011 Upto  and proportional togA (Penn 2011 Here ¢ is the
now, most of the knowledge we learned about the Sun, odtandé factor of the selected spectral line andis the
nearest star, comes from the spectral observations. Witlvavelength. If the infrared lines with larger are used,
the solar spectropolarimetry data, we are able to deriveve can get much higher Zeeman sensitiviBrus et al.
up to tens of physical parameters and even their variatioht995 Solanki et al. 2006 Secondly, many molecular
with optical depth with the help of powerful inversion rotation-vibrations lines exist in the infrared waveband
techniquesdel Toro Iniesta & Ruiz Cobo 201&\i 1993,  and provide unique ways to probe the cool parts of the
Socas-Navarro et al. 20L5We can then reconstruct the solar atmosphere, e.g., the well known CO lines near 4.6
dynamical three-dimensional solar atmosphere so as tmicrons @yres 2002 Solanki et al. 199AUitenbroek et al.
better understand different kinds of quiet or active solarl994 Li et al. 202Q. Lastly, we can also probe different
phenomena, such as sunspots, granulation as well as solsights of the solar atmosphere only using continuum
flares Fang et al. 201,0Feng et al. 2020Xu et al. 200%  radiation because the infrared wavelength covers a wide
Lietal. 20179.
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range from 0.7 to 1000m (Penn 2013 So most of the

new constructed solar telescopes are equipped with thi

post-focus instrument working in the infrared wavelength,

such as the cryogenic infrared spectrograph (CYRA) for Intermediate Focus Plane

the Goode Solar Telescope (GST) and the Cryogenic Near l

Infrared Spectro-Polarimeter for the Daniel K. Inouye

Solar TelescopeQao etal. 2010Rimmele etal. 2020 ><

We will usher in a golden age for solar infrared observation ?

in the coming decades. . ; X
To accurately measure solar magnetic fields, a new Beam Splitter ] OPD=2x

telescope named the Infrared System for the Accurate

Measurement of Solar Magnetic Field (AIMS) is under

construction in China. The Mg | 12.32n line is selected

as the working line because it has the largest magnetic Imaging plane

sensitivity among our known spectral lines so far. The re-

quired spectral resolution is 0fat 12.32um (Deng et al. Detector

2016, with a resolution power of 205 333. AIMS employs

the Fourier transform spectrometer (FTS) to realize the

high resolution power. In the 1980s, McMatRierce

Solar Facility at National Solar Observatory, USA, also

used an FTShtO discover the Mg | 12'@ ”ni (Brault. beam further goes through the core part of an FTS, i.e., the
19721978 Chang & Noyes 1983In addition, the FTS is Michelson interferometer compartment. The Michelson

employed by mgny solar spaceborne missions to obtain ﬂ]ﬁterferometer generally consists of a beam splitter, alfixe
middle and far infrared solar spectrum, e.g., the ATMOSmirror and a moving mirror. The collimated lightis divided
(Atmospheric Trace Molecule Spectroscopy)- experlmenby the beam splitter into the transmitting and reflecting
on Spgcelab 3, and the ACE-FTS (Atmospherlc Chem's_t%eams. The transmitting light beam is reflected by the
Experiment ) onboard the Canadian SCISAT-1 Sate"'temoving mirror and then reflected by the beam splitter (See
(Hase et al. 2010~armer & Norton 1989Farmer 1994 the green arrows in Fid), which has an optical path @f; .
Unfortunately,_ the I_:TS.has never been used by aYne reflecting light beam is reflected by the fixed mirror
solgr telescopes in China in the past _Hence one of _thﬁnd then goes through the beam splitter, having an optical
main problems e_ncountered by AIMS is how t9 Obtalnpath of L,. Finally, two beams with different optical paths
solar spectrum with an FTS. In the paper, we carried out aBf 1., and L, respectively, recombine into a single beam

experiment aiming to obserye the solar spectrgm with _Oufind interfere with each other. As the moving mirror moves
newly installed FTS at Huairou Solar Observing Stat|0nalong a precision-steel rod, the optical pathvaries with

(HSOS), National Astronomical Observatories, Chinesgje “the gptical path difference is different at different
Academy of Suences. The purpose _Of the e>.<per|n?ent IS tﬁme, and a series of interference signals is recorded on the
get the experience about the observing configuration of 3fetector, forming the so-called interferogram.

FTS as well as its data reduction. The paper is arranged as
follows. The principle of the FTS is described in Sectin

Fixed Mirror

muu}u Etj!;'\ow

Fig.1 Schematic diagram of a time-modulated FTS.

is firstly focused on the intermediate focal plane and then
collimated by a collimating mirror. The collimated light

For a polychromatic light, the relationship between the
interferograny (L) and the target spectruf(o) is (Bates

along with the br.|ef |n.troduct|on of our expgrlmental 1978 Martin & Drissen 2017Codding & Horlick 1973:
system. The obtained interferograms and their inverted

spectrum with our proposed method in the visible and near- Foo
. I(L) =

IR wavelength are presented in Sect®riollowed by the

conclusion and future perspective part.

B(o) cos(2mo L)do, 1)

— 00

whereo represents the wave number € 1/, A is the

2 PRINCIPLE OF THE FOURIER TRANSFORM wavelength) and. is the optical path difference (OPD), i.e.
SPECTROMETER AND INTRODUCTION OF L, — L. If we want to recover the target spectrupio)
OUR EXPERIMENTAL SYSTEM from Equation ), the inverse Fourier cosine transform

of the interferogram needs to be taken, as shown in
2.1 Principle of the Fourier Transform Spectrometer Equation ):

Figure 1 shows the schematic diagram of a time- B(o) /*00
g =

modulated FTS. The light beam from the solar telescope I(L)cos(2mo L)dL. @

— 00
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Table 1 Configurations of the Bruker IFS-125HR (New FTS InstalletHS0S)

wavelength range beam splitter Detector (material, size)
0.4-1.05um Dielectric coating on Quartz Silicon diode, 1 nymi mm
0.91-5.4um Sion CaF2 InSb detector (cooled with liguig)N1 mmx 1 mm
1.6-16pum Ge on KBr MCT detector (cooled with liguid4y, 1 mmx 1 mm
2-25um Ge on KBr DLATGS detector, 1 msml mm
From Equation?) and the theory of Fourier transform, According to the Nyquist sampling theorem, the
the highest spectral resolution of an FTS is determinethrgest wavenumbes; is determined by the sampling
by its maximum OPD, which depends on the maximumintervald,,q with the relationship of; < ﬁ That is
op

displacement of the moving mirror (OPD2x). Intheory, {0 say, the obtained wavenumber range is from 94—

the spectral resolution can be infinity. However, the longein theory (0r2 x dopa < A < oo with the Waveleﬁpélth
diSplacement iS, the more difficult to control the mOVing unit)_ For a certain target Wa\/e|ength1 the bégd can
mirror. Moreover, the volume of an FTS is always finite pe calculated with the above relationship. Generally, one
in reality. So each FTS has a limited spectral resolutiortan use a frequency stabilized laser worked in the visible
6B, which is proportionaltd /L. In the case, Equatiol  wavelength to ensure equal interval sampling because the

becomes: Fourier cosine transform of the laser is a cosine function.
+L The laser wavelengthy,s., of Bruker IFS-125HR FTS is
B(o) = /7L I(L) cos(2maL)dL. (3)  632nmand the useabfg, is N x 2= For example, the

) ) o effective wavelength range is from 316 nmaoin theory
The relationship between the limited OPD and the fulli¢ ¢4, Sopa IS Set tOAITer_ Largers, . is needed for longer

width at half maximum (FWHM) of the FTS instrument wavelength.

(or0B) is FWHM = 0.6/ L because the Fourier transform From the above mentioned description, we summa-
of a rectqngular fgnction (with a width de. from —L tg rized the advantage of an FTS. Firstly, one can observe
L) is a sinc function(sin L,/L). The sampling resolution 45 spectrum with the required spectral resolution by
of an FTS is;- from Equation §). Due to the sidelobes of seyiing appropriate OPD value. Secondly, it covers a
ringing effects of the sinc function, an apodization fuanti ;4 wavelength range2 (x dopa < A < oo) at

is generally used to remove the effect with the sacrifice of, single measurement, which is limited by %&d, the
reducing spectral resolution. Thé& becomes.9/Lfora  yansmittance or reflectivity of the optical elements and
triangular apodization functioiavis etal. 200 6 response range of the detector in reality. Thirdly, as

For AIMS, the required spectral resolution is &6 6o retical longest wavelength of an FTS is infinity, it

at 12.32um, corresponding to 0.004cm. If a triangular g e suitable for observing solar spectrum at longer
apodization function is used, the OPDUS/0.004 = 225\ 4yelength with extremely high spectral resolution, e.g.

cm at Igast. The minimum displacement d of the movingpe migdie and far infrared wavelength. The moving mirror
mirror is 112.5cm. So we selected an FTS from Bruker

) ] of an FTS generally moves along a precise guider rail
Corporatlo.n from Ge_rmany for our e_xperlmer?tal SystéMynd can easily move on the order of meters, resulting
Its production modelis IFS-125HR, with a maximum OPD

_ very large OPD and high resolution. Lastly, the rough
of 258 cm. The OPD can be configured from 0 to 258 meavelength calibration of an FTS is easy due to the equal

indicating that we can gather solar spectrum with different ;o a sampling,,4 from the laser. Once thé&, 4 and
. : . . op : P
spectral resolution. It is worthy to mention th&tL) is the number of sampling points are determined, the OPD

a continuous function in EquatioB) In reality, we has ., he ohtained. The wavenumber (wavelength) is also
discrete sampling. Hence the equation can be rewrittep,qn after the Fourier cosine transform.

below: To better demonstrate the reason for the AIMS

N employing an FTS to observe solar spectrum, we compared
B(oj) = Y I(Ly)cos(2m0; Ly), (4)  an FTS with an Echelle grating spectrograph generally
J==N used for high spectral resolution observations in the lgsib

wherel(L,) is the interferogram obtained with the OPD and near-infrared wavelength. The longest wavelength of
of L, and B(c;) indicates the real spectrum at the the Echelle grating spectrograph is determined by the
wavenumbew ;. The OPD between two adjacent samplegrating constand and the spectrum orden according to
interferogram, i.e.L,+1 — L,, is the sampling interval the grating equation,

dopa. N is the number of sampling points. The expression

of the maximum OPD is : OPB: §opa x N. 2 X dXxsina =mA, (5)
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4. IFS 125

3.Collimating mirror

Fig.2 The experimental system. (a): The equatorial and the Neanaelescope. (b): The collimating mirror and the
Bruker IFS-125HR FTS. The focuses of the telescope and timating mirror are flexibly linked by the fiber.

where « represents the blazing angle. For example, thehe FTS, as shown in Figur2 The Newtonian reflector

largest wavelength occurs at the first spectrum order andith an aperture of 10 cm and the focal ratio of 8, is
equals to 31.64pm for a grating with thed and « of  installed on an equatorial platform to realize the pointing
31.6um and 71 deg, respectively. To realize the neededas well as the tracking to the Sun. A fiber with the core
resolution power of 205 333 for the AIMS at 12.3th, the  diameter of 32(um and the numerical aperture of 0.22
required length of the grating is 133.9 cm if the theoreticals employed to flexibly connect the sunlight from the
power of m X Ngrating iS used, wher&Vy.iing is the  Newtonian reflector’s focus to the focus of the collimating
total number of the grating lines. Such a long grating ismirror. The sunlight is further collimated by the off-axis

extremely difficult to manufacture. parabolic mirror and then enter the FTS. According to the

focal ratio of the telescope and the core diameter of the

2.2 Brief Introduction of Our Sun-light Feeding fiber, the field of view of the gathered sunlight is about
Experimental System and Newly Installed FTS 82.5" x 82.5".

To get the experiences about the observing configuratiod THE OBSERVED INTERFEROGRAM AND
of an FTS as well as its data reduction, we employed INVERTED SOLAR SPECTRUM IN THE
the Bruker IFS-125HR FTS with a point source detector. VISIBLE AND NEAR-INFRARED

The FTS used for AIMS with a detector array ®f x 2 WAVELENGTH

is in development now. The equipped parameters of th
Bruker IFS-125HR (see Fi@) are summarized in Table

Its maximal OPD is 258 cm and it has a broad spectrai
range of 0.4-25m by selecting different beam splitters
and detectors. As a contrast, the maximal OPD of the
FTS at McMath-Pierce Solar Facility is 100 cm, while its

?n the above section, we introduced the main principle of
he FTS and our experimental system. The observed inter-
erogram and its corresponding inverted solar spectrum are
arranged in this section, following with a comparison with
the solar spectrum atlas obtained by the FTS of National

working spectral range is 0.2—6n (Brault 1972 1978. Solar Observatory (NSO), USA. During the observation,

So the Bruker IFS-125HR FTS has much longer oppV we do not use additional narrow band optical filters, so the
L I broadband solar spectrum is obtained.

resulting in better spectral resolution in theory. As the

spectral range of the fiber used in the current experlmenta}gl1 The Ob dSolar S h the Bruk

system is 0.275 to 24m, only the visible and the near-IR IF86125T:|eI;VI§TS ° aL }:\)/ecttr):JmV\\;wt It N r:u er

solar spectrum can reach the FTS, which is presented in in the Visible Wavelengt

the following. We firstly try to take test observation in the visible
To feed the sunlight from visible to near-IR wave- wavelength. During the observation, the FTS is equipped

length into our newly installed FTS at HSOS, we set upwith the Quartz beamsplitter and the silicon diolde detecto

a temporary and simple experimental system. It containksted in the first row of Tablel. The target wavelength

a Newtonian reflector, a fiber, a collimating mirror andrange is 0.4-1.0pbm. The needed configurations of FTS
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Fig. 3 Original interferogram taken from our experimental sysfenthe visible wavelength. The subplot indicates the
double side interferogram with the OPD from —0.01 to 0.01cm.
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Fig. 4 Panel (a): Interferogram from Fig.after zero filling. The regions on the left of tdashed line are filled with zero.
Panel (b) is the triangular apodizing function. The inteségam after the process of apodization is shown in panel (c)

are the OPDg.pa, Which is determined by the typical gather half of the interferogram in theory. Half of the
width of the visible solar spectrum and the principle oftime can be saved in the case but with the same spectral
the FTS shown in Sectio@. The j,pq is set to% resolution. However, an asymmetrical interferogram will
because the selected shortest wavelength isu®.4The result in phase shifts. A short interferogram froal;
typical width of solar photospheric lines is about 8.1 (L1 < L) to 0 can be taken then to correct the phase shift
corresponding to 0.42cm at 0.48um. The one for (Davis et al. 200}l The Bruker IFS-125HR employs such
the chromospheric lines is wider, which is about 8.3 aconfiguration. So the interferogram with an OPD from —1
(Moore et al. 196§ So the spectral resolution is set to beto 9 cm are taken here and the one from -1 to 1 cm is used
0.1cm~! here, with a maximal OPD @f.9/0.1 = 9cm. for the phase shift correction. Considering the required
dopd IS /\1"25“ , the sampling numbers for one interferogram
are OPDd,,qa = 6x 10°. The scanner velocity of the FTS

is set to be 0.632992cn1$. The time taken for one scan

is 15.7 s. As our FTS employs a photoconductive detector,

Generally the sampling OPD is from-L to L
according to Equations3) and @). Note that the Fourier
cosine transform is an even function, indicating the
interferogram between-L to 0 equals to that from O to - ) i
L. Hence the spectrum can be obtained even if we justpe integral time cannot be manually configured.
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With the above configurations of maximal OPD,

dopa and the short interferogram used for phase shift
correction, we carried out test observation on 2018 Dec.
29, from 04:02 UT to 05:47 UT. Three hundred scans are
added to improve the signal to noise ratio. The Bruker
IFS-125HR can integrate interferogram for many scans.
We take one hundred scans for one measurement and
three measurements are used. The original unsymmetrical
interferogram taken from all the three hundred scans can be
found in Figure3. The reduction from the interferogram to
solar spectrum is listed step by step as follows.

— The OPD is extended to the range of =9 to 9 cm and the

non-acquired interferogram between -9 and —1cm is
filled with zero. On one hand, we can use Equati®n (

to invert the spectrum as well as its wavenumber value.
On the other hand, the sampling resolution of the
spectrum can be smaller since we elongated the length
of the interferogram. The elongated interferogram
after zero filling is arranged in Figu/ga).

— Correction of the phase shift. We can rewrite the

interferogram in Equation6] considering the phase
shifts.

i(27r0j Ln+¢j)

M=

I(Ln) = B(Jj)exp

—-N

! (6)

1270 Ly,

B(o;) exp'® exp

I
M=

j=—N

Here ¢, presents the phase shift, which is nonzero
if our sampling grid does not have the point that

Fig.5 The solar spectrum inverted from the interferogram in Bign the range of 454.5nm (22 000 crf) to 1000 nm
(10000 cn1t). The upper and lower panels are the one without and withrliegular apodizing functions.

coincides with zero OPD. The unbalanced dispersion
in either arm or the electronics system of the FTS can
also introduce phase shifts.
The corresponding inverted spectrlBl(la}) is:

B(le-) B(0;) exp'®s

N
= 3 I(Ly) xexp 2 (7)
j=—N

= Bie(0;) + iBim(0;).

Here B(c') is the inverse Fourier transformation of
I(L) other than the inverse Fourier cosine transform
used in the ideal interferogram in Equatiog).(
B,c(0j) andBin(0;) correspond to the real and image
components ofB(ct), respectively. Regarding the
phase shiftp;, it can be determined from the double
interferogram (Eq.4)) with the limited OPD value
from —I to 1 cm, according to the following equation:

(8)

The solar spectrunB(o;) has only real component.
After eliminating the phase shift from the real
interferogram, it can be obtained by combining
Equations 7) and @) (Davis et al. 200}

¢; = arctan(Bim(0}), Bre(0)).

B(o;) = Re{B(o}) exp™i}. ©)

Another way to correct the phase shift is employing
the magnitude of the Fourier transformation. The
inverted solar spectruB(o;) is :

B(oj) = \/BL(0;) + B2, (0;).  (10)
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Fig.6 Thebluelinein panel (a) and theed one in panel (b) are the quiet Sun spectrum near titeliHe without and
with the apodizing function extracted from Fig(a) and (b), respectively. The continuum of tied onein panel (b) are
normalized with the data taken by the FTS of NS§eén line) for comparison. Thelashed line marks the linecenter
of the H3 line. The wavelength used here is vacuum wavelength. So #ivelength 486.1 nm in the air corresponds to
486.2nm in the vacuum.

In the paper, we use the elongated interferogram in  effect due to the limited length of interferogram can

Figure 4(a) and Equation1() to invert B(c,). The be found.

inverted solar spectrum with the wavenumber selected — To remove the ring effect, a triangular apodizing
from 10000cnT! to 22000cnT! is presented in function is employed. We multiplied the interferogram
Figure 5(a). With the known wavenumber from in Figure4(a) by a triangular apodizing function seen

the Fourier transformation, we also obtained the in Figure4(b). The resulting interferogram is present-
corresponding spectral range, which is from 454.5nm  ed in Figure4(c). After the Fourier transformation,
to 1000 nm. From Figur&(a), we obtained the solar we obtained the corresponding solar spectrum with
spectrum with a wide wavelength range just from a  Equation (0). The one from 454.5nm to 1000 nm
single interferogram. It is one of the advantage of the  can be found in Figuré(b) and the selected one
FTS. In contrast, tens of scans are needed to cover near the 486.1nm is shown with the red line in
the same wavelength range for a grating spectrograph Figure 6(b). Comparing the solar spectrum before
because only a narrow waveband is obtained for a and after employing the apodizing function, it clearly
single measurement. Moreover, many separate absorp- illustrates that most of the ring effect disappears.
tion lines exist in the inverted solar spectrum. Most
of them are from the Sun while parts of the lines are  In order to check the performance of the new installed
from the absorption of the earth’s atmosphere, whiciHFTS as well as the quality of our inverson algorithm, we
is not identified here. The wider lines in the spectrumselected parts of the inverted solar spectrum to compare
correspond to the chromospheric spectral lines duwith the solar atlas from the FTS obtained by NSO
to the higher temperature of the chromosphere, sucfiVallace et al. 1998 The broad chromosphericHine is
as the famous H and H3 lines with the central selected with a wavelength range of about 1.2 nm, from
wavelength of 656.28 nm (15237 crf) and 486.1nm  485.4nm (20550 cm') to 486.6 nm (20550 cmt). Two
(20571 cnl), respectively. The bright line near steps are carried out before the spectrum are used for
632.8nm (15802 cm') is the reference laser used for comparison. The nearby continuum from our inverted solar
realizing the same sampling interval,q. We also  spectrum is firstly normalized to that from NSO with the
chose a narrow wavelength range to check the profilegreen line in Figures(b). Then the two solar spectra are
of a spectral line. The broad chromospherig khe  registered with each other. Because the wavenumber of
is selected and shown in Figu@a). The ringing the FTS is well determined by the OPD and thg,, the
shifted value for the registration is very small, which is
0.11cnt!. Comparing our observed solar spectrum near
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Fig.8 From the upper to last rows, they are the interferogram fragn Fwith zero filling, the triangular apodizing
function and the apodized interferogram, respectively.

Hp line (red line) with that from NSO (green line), they of optical fibre. To cover the wavelength, the Gateam

agree very well with each other. Both the line depth andsplitter and the InSb detector are employed, which are

the line width of the broader Hl line as well as the listed in the second row of Tablé Again, we need to

nearby narrow photospherical lines are almost the sameonfigure d,,q, OPD and the short interferogram from

The difference is that our solar spectrum has much lower-1.; to 0 used for phase shift correction. As the shortest

signal to noise ratio, which can be improved if we integratewavelength is 1um, the d,pq is set to beAjaser /2. One

a longer time. can also usé\.s/4 in principle at the expense of taking
twice as much time as that with,s.: /2. The typical Iipe

3.2 The Observed Solar Spectrum with the Bruker width of the photoshperic lines near 1.6 is about 0.4,

IFS-125HR FTS in the Near-infrared Wavelength corresponding to 0.18 cm. The selected OPD is 10cm
here with a spectral resolution 69,/10 = 0.09 cm~! if a

We also carried out test observations for the Wavelengtﬂiangular apodizing function is employed according to the
from 1um (10000cm?) to 2.2um (4500cnt?). The principle describe in Sectiol L is set to be =2 cm here.

longest wavelength 2,2m is limited by the transmittance So the interferogram is taken form —2cm to 10 cm.
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(@) Quiet sun spectrum from IFS 125 withaut opodizat‘ion
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Fig.9 The solar spectrum inverted from the interferogram in Bim the range of 1000 nm (10000 crh) to 2222 nm
(4500cnT!). The upper and lower rows are those without and with apodifzinction.

The observation was taken on 2019 Jan. 01, fronspectrum. Comparing our inverted solar spectrum before
04:50 UT to 05:56 UT. One hundred scans are adde¢Fig. 10(a))and after employing apodizing function (red
to improve the signal to noise ratio. The original line in Fig. 10(b)), the ring effect is removed. From the
interferogram is arranged in Figuie The data reduction comparison between the red (our inverted solar spectrum)
of the interferogram is the same as that in the visibleand the green line that from NSO in Figuté(b), both
wavelength. First, the values of the interferogram with thethe line depth and the line width are nearly the same. The
OPD from —10 cm to —2 cm are filled with zero, as seersignal to noise ratio observed by us is also lower due to the
from Figure 8(a). Then it is multiplied by a triangular smaller aperture of the light-feeding telescope.
apodizing function in Figur&(b). The interferogram after
apodization is presented in Figu@c). We take the
Fourier transform of the interferogram with and without

apodizing function and the corresponding solar spectrune installed a Bruker IFS-125HR FTS at HSOS with
from 1um to 2.2um calculated with Equationl() is 5 maximum OPD of 258 cm. The wavelength range is
shown in Figure9(a) and 9(b), respectively. We can fom 0.4um to 25um, covering the visible, near and
find that the solar spectrum with apodization has lowety,iq-infrared wavelength. As an FTS has never used by
intensity. Similar with the spectrum in Figuke there are gy solar telescopes in China, we established a temporary
many narrow isolated spectral lines from solar photosphergun”ght feeding system and tried to gather experience both
and some broad spectral lines mainly from the moleculafy the observing configuration and the data inversion from
absorption band of the earth atmosphere. For example, thgierferogram to solar spectrum. The work shown here is
absorption near the wavenumber of 7150¢nf1.4um)  seful for the data reduction of the AIMS telescope, which
and 5250 cm*(1.9um) are mainly from the absorption of 55 yses an FTS and will obtain its first light near 2022.
the water vapourt{inkle et al. 2003 We firstly introduced the principle of a time-
Finally, we compared our observed solar spectrummodulated FTS and showed that it is more suitable
with that from the FTS belonging to NSO and the resultfor realizing the spectral resolution of the AIMS. We
was shown in FigurelO (Livingston & Wallace 1991  summarized the main advantages of an FTS. Firstly, it is
The selected spectral line is Fe | 1/o®, which is used more suitable for the longer wavelength, e.g., the middle
by many solar telescopes for the accurate measuremeand far infrared waveband. Secondly, it is easy to reach
of photospherical magnetic fieldC6llados etal. 2012 very high spectral-resolution and the resolution can be set
Caoetal. 2010Liu et al. 2014. The wavelength range optionally by the user. Thirdly, it has broad wavelength
is about 4.8nm. The continuum is also normalized torange. Lastly, an FTS can give the wavelength value
that from NSO. The shifted value of the wavenum-because it has a frequency stabilized laser resulting the
ber is 0.045cm! during the registration of the two well known OPD. The necessary observing configurations

4 CONCLUSION AND FUTURE PERSPECTIVE
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Fig. 10 Similar with Fig. 6 but for the region near the Fe |l 1.561 line. Panel (a) and theed line in panel (b) are the
spectrum extracted from Fi§(a) and9(b), respectively. Thgreen lineare the data taken by the FTS of NSO. Tashed
line marks the linecenter of the Fe | 1.564® line. The wavelength is also vacuum wavelength.

needed for an FTS when taking solar spectrum are the We would like to emphasize that the results shown
appropriatel,pq, maximal OPD as well as the OPD value here just focus on the visible and near-infrared wavelength
used for phase shift correction. Also, the directly obsérve range mainly due to the limited transmittance profile of the
quantity of an FTS is the interferogram. So the Fourieroptical fiber. The line width of the solar spectrum is not
transformation must be employed to recover the solanarrow enough to calibrate the practical spectral resmiuti
spectrum. of the FTS, indicating we need to find other calibration
methods. The data reduction from interferogram to solar
We carried out test observations with our experimentakpectrum is a preliminary result as well. What is the best
system in the visible and near-infrared wavelengthgpodizing function for the inversion of a solar spectrum?
According to the target wavelength range and the typicajyhat decides the OPD to derive the phase shift? Is it
width of the solar spectral lines, we determined the suitabl possible to use Equatior®)(to correct the phase shift?
dopa, Maximal OPD as well as the OPD value used forynat is the relationship between the scan time and the
phase shift correction. The interferogram is obtained.thergignm to noise ratio? These questions need to be further
Considering the asymmetric interferogram, infinite OPDinvestigated. Moreover, the maximal OPD used in the
and the phase shift in our interferogram, we firstly filled paper is only 10cm, much less than the maximal OPD
the zero value to make a symmetric interferogram with theys 258 cm. If the solar spectrum is observed in the mid-
OPD from—L to L. Then a triangular apodizing function xrared, e.g., the wavelength range of 1043 selected
is multiplied by the interferogram to reduce the ring effect by the AIMS, we need longer OPD. It is also well
The final spectrum is the magnitude from the Fouriefxnown that many spectral lines from earth atmosphere
transformation of the interferogram to correct the phasyistin the mid-infrareddinkle et al. 2003, The radiation
shift. from the instrument, the nearby background and the
earth atmosphere contribute a lot in the mid-infrared

With the Bruker IFS-125HR FTS, we successfully . . .
. wavelength. So we need to identify and find a method
obtained the broadband solar spectrum from Qu#5to . .
to correct them. Based on the above considerations, an

2.2um. Two common used spectral lines, i.e., chromo- ) : .
. . . . upgraded experimental system with all reflected mirrors
spherical H8 486.1 nm in the visible and photospherical . . :
. . . .__is under construction at HSOS by now. The diameter of

Fel 1.56um lines in the near infrared, are compared with. . . .
its primary mirror is 60 cm. The solar spectrum from 2.2

those .taken from the FTS by NSO. Both the _Ime deptr}o 25um with more photons can be taken then, which is
and width are almost the same except a relatively lowe . -

. ) o elpful for addressing the above remaining problems.
signal to noise ratio in the solar spectrum taken by our

FTS. The comparison results confirm the effectiveness of\cknowledgementsWe sincerely thank the referee for
our observing configuration and data reduction method. helpful suggestions that greatly improved the manuscript.
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