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Abstract


With the progressive release of data from numerous sky surveys, humanity has entered the era of astronomical big data. Multi-wavelength, multi-method research is playing an increasingly crucial role. Binaries account for a substantial fraction of all stellar systems, and research into binaries is of fundamental importance. The low-resolution spectra from Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST) suggest that LAMOST J064137.77+045743.8 is a binary consisting of an A7-type subgiant star and a cool red dwarf star. LAMOST J064137.77+045743.8 has not yet been recorded in the SIMBAD astronomical database. We conducted a comprehensive analysis of the binary based on multi-wavelength and multi-method research. The spectral analysis suggests that the A7-type subgiant primary star has parameters of   T eff   ∼ 7500 K and log g ∼ 3.9, and the red dwarf companion star is cool. Additional flux observations in the infrared bands further corroborate the presence of the red dwarf companion, and the near-infrared color index indicates a K4-type red dwarf. Astrometric data from Gaia support the binary speculation with a Renormalized Unit Weight Error metric value of 1.9. The i-band flare detected by the Zwicky Transient Facility (ZTF) photometric observations bolsters the interpretation of the M- or K-type red dwarf companion. Both the radial velocity variations in the H α  lines from LAMOST medium-resolution spectra and the light curves from ZTF support the classification of the A7 subgiant as a pulsating star. No clear evidence of binary eclipses was detected in 1789 days of photometric observations from the ZTF. Future asteroseismology studies will enable us to further probe the internal physics of the A7 subgiant primary star.
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1. Introduction


The advent of Einstein’s mass-energy equation pointed the way for humanity to solve the problem of stellar energy sources. For over a century, despite rapid advancements in various fields of astronomy, the theory of stellar structure and evolution remains one of the most well-established areas in the discipline. The statistical distribution of stars in the Hertzsprung–Russell (H-R) diagram tells us that the vast majority of stars are main-sequence (MS) stars. Stars with an initial mass less than ∼2.2   M ⊙   are classified as low-mass stars. In these stars, the central helium (He) core becomes electron-degenerate before it is ignited. Stars with an initial mass between ∼2.2   M ⊙   and ∼9.0   M ⊙   are classified as intermediate-mass stars. For these stars, the central carbon/oxygen (C/O) core is electron-degenerate prior to its ignition. Stars with an initial mass greater than ∼9.0   M ⊙   are classified as massive stars. In massive stars, the central C/O core is non-degenerate before ignition. The mass thresholds that separate low-mass, intermediate-mass, and massive stars, based on the degeneracy of their cores at various evolutionary stages, are discussed in standard stellar astrophysics textbooks [1,2]. The vast majority of low- and intermediate-mass stars end their lives as white dwarfs (WDs) [3]. In contrast, massive stars terminate their evolution in a supernova explosion, leaving behind a neutron star or a black hole. Stars constitute the bulk of celestial objects, and stellar physics is the cornerstone of astrophysics, making it a field of paramount importance.



Observational statistics of stars in the solar neighborhood [4,5], as well as simulations of stellar birth rates [6], both indicate that binaries account for a substantial fraction of all stellar systems. Research into binary systems is of fundamental importance. Recent years have witnessed astronomy’s entry into a big data era, marked by an abundance of data continuously released from various sky survey telescopes. For the Early Data Release 3 (EDR3) of Gaia [7], Gaia Collaboration presented the Gaia Catalogue of Nearby Stars (GCNS) and reported 16,556 resolved binary candidates [8]. Based on the radial velocity (Rv) data released by the Sloan Digital Sky Survey (SDSS) [9], Pourbaix et al. (2005) derived 675 possible new spectroscopic binary stars and orbits for 8 of them [10]. Thanks to the large field of view and faint limiting magnitude of the Zwicky Transient Facility (ZTF) [11] DR2, Chen et al. (2020) classified 78,602 periodic variables, including ∼350,000 eclipsing binaries [12]. Research on binaries is incredibly fascinating.



The Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST) adopts an innovative active optics technique, giving it both a large aperture (3.6–4.9 m) and a wide field of view (20 square degrees). The distributive parallel-controllable fiber positioning technique enables LAMOST accurately locate 4000 astronomical objects simultaneously [13]. LAMOST focuses on a number of contemporary cutting-edge topics in astrophysics, including the first-generation stars in the Galaxy, the formation and evolution history of galaxies, and the signatures of the distribution of dark matter, and so on, through the northern sky spectral survey [14]. From the pilot survey (24 October 2011 to 17 June 2012) to the twelfth year survey (18 September 2023 to 3 June 2024), LAMOST DR12 low-resolution search (LRS) has released 12,605,485 spectra, including stars, galaxies, quasi-stellar objects, white dwarfs, cataclysmic variable stars, and so on. The LAMOST DR12 medium resolution search (MRS) has released 15,471,948 spectra, including 3,361,604 non-time-domain data and 12,110,344 time-domain data. From 1 October 2024 to 30 June 2025, LAMOST DR13 has released 861,916 LRS spectra and 1,884,766 MRS spectra. The enormous number of celestial spectra provides us with abundant spectral resources for conducting astrophysical research. Qian et al. (2018) reported that by 16 June 2017, LAMOST had observed 3196 EA-type eclipsing binaries, of which 2020 had their atmospheric parameters precisely determined [15].



LAMOST J064137.77+045743.8 is a highly intriguing celestial object that came to the first author’s attention during his research on white dwarf spectra. We have confirmed the uniqueness of this target source by inspecting its optical counterpart and cross-matching its positional data from telescopes such as LAMOST and Gaia. Our study reveals that it is a binary system of an A7 pulsating subgiant and a flaring red dwarf, which has not yet been cataloged in the SIMBAD astronomical database. The periodic brightness variations of A7 pulsating subgiants can be used to precisely determine its internal structure, mass, age, and other parameters. Flaring phenomena contribute to understanding stellar magnetic activity in red dwarfs. The dynamical processes in binary systems aid in the study of stellar structure and evolution, angular momentum loss, and potential mass exchange. Such binary systems encompass a wealth of physical principles. In Section 2, we perform a predictive study for LAMOST J064137.77+045743.8 based on LRS and MRS spectra released by LAMOST. A supplementary verification for LAMOST J064137.77+045743.8 is carried out in Section 3 based on other spectroscopic surveys and imaging surveys. In Section 4, we derive solid evidence of the companion star for LAMOST J064137.77+045743.8 based on data released by the ZTF telescope. At last, we give a discussion and conclusions in Section 5.




2. LAMOST LRS/MRS Spectral Analysis of LAMOST J064137.77+045743.8


For the LAMOST LRS spectra, the wavelength coverage is 3700–9000 Å, including 3700–5900 Å for the blue channel and 5700–9000 Å for the red channel [13]. The LAMOST LRS spectra have a resolution of 1800 [16,17] at the 5500 Å. For the LAMOST MRS spectra, the wavelength coverage is 4950–5350 Å for the blue cameras and 6300–6800 Å for the red cameras, and the resolution is ∼7500 [18].



For the LAMOST LRS spectra, LAMOST J064137.77+045743.8 was observed six times on 18 February 2012, 11 November 2023, 16 November 2023, 17 November 2023, 29 December 2024, and 1 January 2025, with identified spectral types of A5, WD, A7, F0, A7, and A7, respectively, as shown in Table 1. LAMOST releases a vast number of celestial spectra each year from 2011, and the spectral classifications as well as stellar parameters are all derived from the LAMOST stellar parameter pipeline (LASP) [19,20]. For the second spectrum, the signal-to-noise ratio (SNR) is 0.0 for the r, i, and z bands, respectively. The second spectrum could be easily mistaken for a WD; however, the other spectra contain an overabundance of metal lines, as shown in Figure 1 and Table 2. From the [Fe/H] value in Table 1, it can be seen that LAMOST J064137.77+045743.8 is only slightly more metal-poor than the Sun [21]. The four most recent spectra are so similar that they can be brought into close agreement by a simple multiplicative scaling factor. Based on the four recently observed spectra from LAMOST, the derived effective temperature and gravitational acceleration are   T eff   ∼ 7500 K and log g ∼ 3.9, as shown in Table 1. The relatively weak and narrow absorption lines of Fe II and the Ca II K also indicate that the primary component of the spectrum is contributed by an A7 subgiant star. However, the Ca I line, Na I line, and Fe I line suggest the possible existence of a low-  T eff   companion star. The Ca II triplet indicates that the companion star is truly a low-  T eff   star [22]. Based on the LAMOST LRS spectra, LAMOST J064137.77+045743.8 is not a WD but most likely a combined system of an A7-type subgiant star and an M or K-type red dwarf star. Given that all other spectral lines are narrow absorptions, the sole broad emission feature at 6000 Å is likely to be an instrumental or reduction artefact, as this wavelength corresponds to the calibration overlap region between the blue and red arms in LAMOST LRS spectra [23,24].



For the LAMOST DR13 MRS spectra, the recent observational data, LAMOST J064137.77+045743.8 was observed over three days: 7 February, 16 February, and 6 March, 2025. For each day, there are three spectroscopic observations taken at 22 min intervals or longer, with each spectrum covering both the B-band (roughly from 4938 Å to 5380 Å) and R-band (roughly from 6263 Å to 6843 Å). The LAMOST DR13 MRS spectra also support the parameter values of   T eff   ∼ 7500 K (7508.13 ± 18.16 and 7695.40 ± 23.91) and log g ∼ 3.9 (3.970 ± 0.020 and 3.845 ± 0.029) for the primary star. In Figure 2, we show the B-band and R-band spectra with MJD = 60,722.56806. The H α  absorption line (black) and the possible Fe II (purple) and Mg I lines (green) are marked as vertical dashed lines. We obtained the Rvs of nine R-band spectra by fitting the H α  absorption line with a Gaussian function, as shown in Table 3. The wavelength error at the center of the H α  absorption line is on the order of 0.003%. We have also used the Gaussian fitting method to study the value of Rv of a cataclysmic variable star, IU Leo [25]. The Gaussian fitting method for the H α  absorption line was also applied to the six LRS spectra, as shown in Table 3. The maximum Rv is 60.74 km/s and the minimum Rv is 17.81 km/s. With an interval of 22 min, the maximum difference in Rv can reach 25.12 km/s (the last two spectra of MRS). Unlike cataclysmic variables, the variations in the spectroscopic Rv of LAMOST J064137.77+045743.8 should originate from the pulsations of the A7-type subgiant star. This is because binary systems with orbital periods of a few dozen minutes are dynamically unstable or exhibit intense mass transfer that generates emission lines. No emission lines were detected in either LAMOST LRS spectra or LAMOST MRS spectra. In the last column of Table 3, we show the results of Gaussian fitting to the possible diffuse interstellar band (DIB) [26] indicated by the blue arrow in Figure 2. For the MRS spectra, a detailed study of DIBs is challenging. However, the DIB is clearly detected in five MRS spectra, as shown in Table 3. The inconsistent variation trends between the DIB wavelength and the H α  line wavelength in Table 3 support our identification of the DIB.




3. Supplementary Analysis: Gaia, SkyMapper, 2MASS, and WISE Data


Multi-wavelength studies are essential for a more comprehensive understanding of the target celestial object. LAMOST J064137.77+045743.8 was not observed by SDSS, but was observed by Gaia, SkyMapper telescope [27], Two Micron All Sky Survey (2MASS) [28], and Wide-field Infrared Survey Explorer (WISE) [29]. In Table 4, we show the apparent magnitude of LAMOST J064137.77+045743.8 in the uvgriz, JHKs, and w1w2w3w4 bands, respectively. The center wavelengths of uvgriz, JHKs, and w1w2w3w4 are from references [27], respectively. The apparent magnitude in the near-infrared band indicates strong radiation in that band, which supports the speculation that the companion star is a low-  T eff   star. In addition, we calculate the color index among near-infrared bands. The color indices in the optical band should be dominated by the A7 star, while those in the near-infrared band should be dominated by the cool companion star. Compared with the color indices of stars with known spectral types [30], we find that the cool companion star is likely to be of spectral type K4. Due to inconsistencies in the zero-magnitude flux calibrations across the optical, near-infrared, and mid-infrared bands, a combined graphical representation of the data in Table 4 is not presented, as it would not permit a physically meaningful comparison.



In Figure 3, we show the spectral data from LAMOST and Gaia XP (no Rvs Spectrum) together with flux data from SkyMapper, 2MASS, and WISE for LAMOST J064137.77+045743.8. It is important to note that the flux in LAMOST’s LRS spectra is relative. The numerical flux values themselves carry no physical meaning, whereas the overall flux profile and relative relationships do hold physical significance. During comparative studies, the relative flux of LAMOST’s LRS spectra can be scaled up or down by a factor. The spectrum from LAMOST in 2025 (divided by a factor of 13) is consistent with the flux data (directly from the CDS Portal) observed by the SkyMapper telescope. However, it is inconsistent with the Gaia XP spectrum. It is quite interesting that the spectrum from LAMOST in 2012 (divided by a factor of 2.82) is consistent with the XP spectrum from Gaia. The comparative analysis is performed by manually adjusting the scaling parameters on the LAMOST LRS spectra and relying on visual inspection. The degree of agreement in the spectral profiles is sufficient to draw a reliable conclusion. The flux plot in the lower panel of Figure 3 also demonstrates the deviation from a single blackbody spectrum. The spectra in the upper panel of Figure 3 are likely significantly influenced by the companion star. In the Gaia archive website (https://gea.esac.esa.int/archive/ (accessed on 27 September 2025)), LAMOST J064137.77+045743.8 was fitted by a binary of   T  eff 1    ∼ 6750 K, log   g 1   ∼ 4.55 and   T  eff 2    ∼ 5450 K, log   g 2   ∼ 3.95. This was obtained from spectral fitting when the Gaia XP spectrum was significantly influenced by the companion star. We examined the Renormalized Unit Weight Error metric (RUWE) [31] value and found it to be 1.9. It is significantly greater than the threshold of 1.2 [32], which, from an astrometric perspective, indicates the presence of a binary star system.




4. Supporting Evidence for the Companion Star from ZTF Data


The Barbara A. Mikulski Archive for Space Telescopes (MAST) [33] hosts data from numerous telescope missions and provides user-friendly access. We identified the target star by directly cross-matching LAMOST’s DA-type WD data with MAST’s archive data (CLT catalog). Applying the criteria of   T eff   between 10,600 and 12,600 K and log g between 7.95 and 8.35 on the LAMOST DR12 LRS Spectra official website, we initially selected 138 candidate spectra of pulsating DA WDs. Upon cross-matching the uploaded data file with the TESS Candidate Target List (CTL) v8.01 on the MAST portal, we successfully identified our target source. Time-domain data are essential for confirming binary systems. Unfortunately, LAMOST J064137.77+045743.8 was not observed by the Kepler mission [34] or the Transiting Exoplanet Survey Satellite (TESS) [35] in the MAST archive. In MAST archive, the stellar parameters of LAMOST J064137.77+045743.8 are   T eff   = 7657.52 ± 211.28 K, log g = 3.73 ± 0.11, radius = 3.01 ± 0.24   R ⊙  , mass = 1.79 ± 0.29   M ⊙  , luminosity = 28.10 ± 3.65   L ⊙  , and distance = 1848.24 ± 85.80 pc. These parameters are from the TESS CTL v8.01 data. They are self-consistent and support the classification of the primary star as an A7-type subgiant star.



Open-source astronomical big data is an invaluable asset for all humanity: we have been delighted to have found the light curve for LAMOST J064137.77+045743.8 on the ZTF website. Using a search radius of 1 arcsecond, after entering the coordinates on the ZTF official website, the maximum separation in the existing observational data is only 0.136 arcseconds. Such a small angular separation leads us to consider it as the same source. Moreover, visual inspection of the images confirms that the observations are targeted at the same object. The observations are from 27 March 2018 to 18 February 2023, covering 1789 days, as shown in Figure 4. The ZTF telescope employs a filter system comprising the g, r, and i bands [36] for transient detection. There are 289, 366, and 27 data points for g, r, and i bands in the lower panel of Figure 4 for LAMOST J064137.77+045743.8. In the middle panel of Figure 4, we can see a brightness variation of approximately 0.06 magnitudes in the g-band, which is consistent with the variation amplitude of  δ  Sct variables. The same holds for the r-band variation during quiescent periods. In the r-band data, we detected an intermittent flare event. The brightness increased by 0.5 magnitudes, lasting for approximately 100 min, as shown in the upper panel of Figure 4. The ZTF achieves a per-image astrometric precision of approximately 45–85 milliarcseconds relative to the Gaia DR1 [37]. The High Energy Astrophysics Science Archive Research Center (HEASARC) at NASA/GSFC provides public online access to a comprehensive archive of data from major X-ray and gamma-ray astronomy missions [38]. The angular separation to the nearest high-energy burst recorded in HEASARC for this source direction is also greater than 1 degree. Therefore, we have reason to believe that the burst in Figure 4 originated from a flare of the companion of LAMOST J064137.77+045743.8. The detected flare event provides strong evidence that the companion star is likely an M- or K-type red dwarf, as such flares are caused by magnetic reconnection processes in the star’s strong magnetic fields, which are generated within its convective zone. Stellar flares are remarkably prevalent. Davenport (2016) reported 4041 flaring stars in Kepler data [39], while Günther et al. (2020) identified 1228 flaring stars in TESS data, of which 673 are M dwarfs [40]. Flares that increase in brightness by about 0.5 magnitudes in a few minutes are observed, including those documented in the TESS flare statistics [41] and shown in Figure 4.



Based on the light curve, five periods of 71.21, 196.4, 29.01, 6.016, and 27.33 days were derived by a pipeline ztfperiodic [42] on the ZTF website, with corresponding SNRs of 10.09, 9.503, 6.01, 5.749, and 5.716, respectively. No evidence of eclipses was found in over 1789 days of photometric observations, as shown in Figure 4. This non-detection implies several possibilities: First, the binary orbital period could be much longer than our observational baseline of 1789 days. Alternatively, the system could possess a low orbital inclination, placing its orbital plane nearly face-on to our line of sight, which geometrically prevents eclipses from occurring. Finally, even if the inclination is high, the eclipses could be extremely shallow—due to factors such as a large difference in stellar sizes or a high orbital eccentricity—making them undetectable within the precision of our current data. In the Gaia DR3 data, LAMOST J064137.77+045743.8 is located 1848 pc away, making it extremely challenging to resolve into two point sources even for binary systems with very long orbital periods.



The pulsation periods of  δ  Sct variables are generally on the order of several hours, which is comparable in magnitude to the time intervals of the MRS spectra in Table 3. Shorter periods could potentially be interference from sub-flares. Periods of several days or tens of days might correspond to the rotation period of a companion star. Rapidly rotating stars can generally produce starspots and modulate their brightness through rotation [39]. Periods of tens or hundreds of days could be related to the orbital period of a binary system (non-eclipsing). Periods of years may be the magnetic activity cycle of a companion. These are only preliminary and qualitative estimates; the specific physical origins of each period require further in-depth study. The phase-folding method did not reveal any clear single periodic signal. Future work may involve a more detailed investigation of periodic signals by analyzing data in different bands and time segments.




5. A Discussion and Conclusions


In recent years, with the continuous release and public availability of large amounts of survey data, astronomical research has entered the era of big data. Multi-wavelength and multi-method studies have proven to be crucial in uncovering the true nature of research targets. In this paper, we report on the serendipitous discovery of the variability of LAMOST J064137.77+045743.8 while cross-matching data from the LAMOST data release with the MAST archive in search of pulsating WDs. It has not yet been cataloged in the SIMBAD astronomical database. We have conducted studies on LAMOST J064137.77+045743.8 using multi-wavelength, multi-method approaches including spectroscopy, astrometry, and photometry.



Among the five valid LRS spectra released by LAMOST, four (three A7-type and one F0-type) match the flux points measured by SkyMapper, while one (A5-type) aligns with the Gaia XP spectrum. Through detailed identification of the absorption lines in the four spectra, we found that in addition to the typical absorption lines of an A7-type star, there are also faint but distinct metal lines characteristic of low-  T eff   stars, such as Ca I, Na I, Fe I, and the Ca II triplet lines, as shown in Figure 1 and Table 2. Based on the effective temperature (  T eff   ∼ 7500 K) and surface gravity (log g ∼ 3.9) values [21] derived from the spectroscopic data, along with detailed analysis of specific absorption lines, it is inferred that LAMOST J064137.77+045743.8 is likely a binary system composed of an A7-type subgiant and an M- or K-type red dwarf star. The flux measurements in the JHKs bands from the 2MASS release and the W1, W2, W3, W4 bands from the WISE release also indicate the presence of a low-  T eff   star. The color index values in the near-infrared band in Table 4 indicate that the spectral type of the cool companion is likely K4 [30].



The RUWE parameter of Gaia for LAMOST J064137.77+045743.8 is 1.9, which indicates the presence of a binary star system [32] from the astrometric perspective. The first spectrum for LAMOST J064137.77+045743.8 released by LAMOST is an A5-type star, consistent with the Gaia XP spectrum. We now know that this should be caused by the magnetic activity of the red dwarf companion star. Multi-wavelength and multi-method studies yield more accurate and comprehensive binary star information than relying solely on Gaia data.



We are truly grateful for open-source astronomical big data. The ZTF telescope has conducted 289, 366, and 27 valid observations in the g, r, and i bands, respectively, for LAMOST J064137.77+045743.8, spanning a time period of 1789 days. In the r-band data, an intermittent stellar flare event with an apparent magnitude variation of 0.5 magnitudes and a duration of approximately 100 min was detected, as shown in the upper panel of Figure 4. The stellar flare event provides strong evidence that the companion star is likely an M- or K-type red dwarf. Therefore, LAMOST J064137.77+045743.8 is a binary with an A7-type subgiant primary star and an M- or K-type flaring red dwarf companion star. The absence of detectable eclipses implies that the system either has an orbital period longer than our observational baseline, a low orbital inclination (geometrically preventing eclipses), or a high inclination with undetectable shallow eclipses due to the system’s physical parameters.



The radial velocity variations derived from the H α  absorption lines in the LAMOST MRS spectra originate from pulsations of the A7-type subgiant star for LAMOST J064137.77+045743.8. The amplitudes of the light curves in the ZTF g and r bands are also consistent with the variation amplitudes of  δ  Sct variables. Jia et al. (2024) reported a largest catalog (2254) of multimode  δ  Sct variables in the northern sky using the ZTF DR20 [43]. The asteroseismology of the  δ  Sct variables is particularly fascinating, as it can even probe the size of the helium core in the stellar center [44]. In the future, we plan to study the periodic signals involving a band-by-band and epoch-separated analysis in the light curves and conduct asteroseismology studies on this A7-type subgiant primary star to probe its internal physics. Pulsating binary systems are both interesting and important, as they encompass a wealth of physical laws.
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Figure 1. LAMOST DR13 LRS spectrum for LAMOST J064137.77+045743.8 observed in 1 January 2025. The different colored lines represent different absorption lines, as shown in Table 2. 
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Figure 2. LAMOST DR13 MRS spectra for LAMOST J064137.77+045743.8 observed in 16 February 2025. The observation median UTC time is MJD = 60,722.56806. 
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Figure 3. Spectral data from LAMOST and Gaia together with flux data from SkyMapper and 2MASS. 
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Figure 4. Light curve of g, r, and i bands for LAMOST J064137.77+045743.8 from ZTF. 
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Table 1. Six observations of LAMOST LRS spectra, indcluding MJD, SNR, and atmospheric parameters.
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	MJD (Median UTC)
	SNR of u, g, r, i, z
	Class
	   T eff    [K]
	log g
	[Fe/H]





	55,975.58487
	 0.66, 8.69, 21.61, 27.60, 20.82
	A5
	7740.00 ± 79.96
	4.097 ± 0.134
	−0.250 ± 0.088



	60,259.76028
	 0.44, 2.57, 0.00, 0.00, 0.00
	WD
	11,567.36 ± 660.63
	8.172 ± 0.242
	



	60,264.70400
	 25.55, 121.51, 176.69, 213.39, 144.37
	A7
	7519.43 ± 25.08
	3.931 ± 0.034
	−0.104 ± 0.019



	60,265.72347
	 42.88, 190.10, 279.75, 337.59, 242.10
	F0
	7527.08 ± 17.36
	3.865 ± 0.022
	−0.070 ± 0.011



	60,673.58471
	 42.93, 174.21, 241.35, 303.25, 234.48
	A7
	7570.27 ± 18.41
	3.931 ± 0.024
	−0.072 ± 0.013



	60,676.58239
	 44.30, 181.44, 251.35, 319.66, 253.35
	A7
	7555.08 ± 18.15
	3.871 ± 0.023
	−0.055 ± 0.012










 





Table 2. Wavelength of absorption lines in angstrom identified in Figure 1.
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	Absorption Lines
	Wavelength [Å]
	Color





	H9
	 3771
	black



	H8
	 3798
	black



	H η 
	 3836.47
	black



	H ζ 
	 3890.15
	black



	H ϵ 
	 3971.19
	black



	H δ 
	 4102.89
	black



	H γ 
	 4341.68
	black



	H β 
	 4862.68
	black



	H α 
	 6564.61
	black



	Paschen (n = 14→n = 3)
	 8598
	black



	Paschen (n = 13→n = 3)
	 8665
	black



	Paschen (n = 12→n = 3)
	 8750
	black



	Paschen (n = 11→n = 3)
	 8863
	black



	Paschen (n = 10→n = 3)
	 9015
	black



	Fe II
	 4924
	purple



	Fe II
	 5018
	purple



	Fe II
	 5169
	purple



	Mg II
	 4481
	orange



	Ca II K
	 3934.78
	blue



	Ca II triplet
	 8500.35, 8544.44, 8664.52
	blue



	Fe I
	 4176
	grey



	Ca I
	 4227.92
	yellow



	Na I
	 5896
	brown



	O I
	 7775
	green










 





Table 3. Rv values of 9 LAMOST MRS R-band spectra and 5 LAMOST LRS spectra.
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	MJD (Median UTC)
	Wavelength of H  α   [Å]
	Rv [km/s]
	DIB [Å]





	MRS
	60,713.52153
	6565.38 ± 0.21
	 35.16
	



	
	60,713.56389
	6565.58 ± 0.20
	 44.30
	



	
	60,713.57986
	6565.94 ± 0.21
	 60.74
	



	
	60,722.51181
	6565.21 ± 0.15
	 27.40
	6495.31 ± 0.80



	
	60,722.55278
	6565.20 ± 0.20
	 26.94
	6496.00 ± 0.99



	
	60,722.56806
	6565.20 ± 0.15
	 26.94
	6495.83 ± 0.74



	
	60,740.44444
	6565.18 ± 0.21
	 26.03
	6496.60 ± 1.01



	
	60,740.52083
	6565.00 ± 0.17
	 17.81
	6496.60 ± 0.66



	
	60,740.53611
	6565.55 ± 0.27
	 42.93
	



	LRS
	55,975.58487
	6565.79 ± 0.40
	 53.89
	



	
	60,259.76028
	
	
	



	
	60,264.70400
	6565.54 ± 0.26
	 42.47
	



	
	60,265.72347
	6565.54 ± 0.26
	 42.47
	



	
	60,673.58471
	6565.71 ± 0.28
	 50.24
	



	
	60,676.58239
	6565.83 ± 0.28
	 55.72
	










 





Table 4. Apparent magnitude for LAMOST J064137.77+045743.8. The values of uvgriz, JHK, and w1w2w3w4 are released by SkyMapper, 2MASS, and WISE, respectively. Some color indexes are calculated for LAMOST J064137.77+045743.8.
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	filter
	u
	v
	g
	r
	i
	z
	J
	H
	Ks
	w1
	w2
	w3
	w4



	 λ  (nm)
	 355.0
	 387.0
	 497.0
	 604.0
	 771.0
	 909.0
	 1250
	 1650
	 2160
	 3400
	 4600
	 12,000
	 22,000



	mag
	 15.312
	 14.441
	 13.394
	 13.085
	 12.884
	 12.736
	 11.818
	 11.544
	 11.451
	 11.339
	 11.347
	 12.286
	 9.121



	err
	 0.043
	 0.022
	 0.012
	 0.013
	 0.011
	 0.016
	 0.021
	 0.020
	 0.019
	 0.012
	 0.009
	 0.412
	



	color index
	
	
	
	
	
	i-z
	z-J
	J-H
	H-Ks
	
	
	
	



	mag
	
	
	
	
	
	0.148
	0.918
	0.274
	0.093
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