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Abstract

In Data Release 9 of LAMOST, we present measurements of v sin i for a total of 121,698 stars measured using the
Medium Resolution Spectrograph (MRS) and 80,108 stars usmg the Low Resolution Spectrograph (LRS). These
values were obtained through a x> minimization process, comparing LAMOST spectra with Correspondlng grids of
synthetically broadened spectra. Due to the resolution and the spectral range of LAMOST, v sin i measurements are
limited to stars with an effective temperature (7,¢) ranging from 5000 to 8500 K for MRS and 7000 to 9000 K for
LRS. The detectable v sin i for MRS is set between 27 and 350 km s}, and for LRS between 110 and 350 km s~
This limitation is because the convolved reference spectra become less informative beyond 350 kms~'. The
intrinsic precision of v sin i, determined from multiepoch observations, is appr0x1mately ~4.0km s~ for MRS and
~10.0km s~ for LRS at a signal-to-noise ratio greater than 50. Our v sin i values show consistency with those
from APOGEE17, displaying a scatter of 8.79 kms™ . They are also in agreement with measurements from the
Gaia DR3 and Sun et al. catalogs. An observed trend in LAMOST MRS data is the decrease in v sin i with a drop in
T, particularly transiting around 7000 K for dwarfs and 6500 K for giants, primarily observed in stars with near-

solar abundances.

Unified Astronomy Thesaurus concepts: Astronomical techniques (1684); Stellar rotation (1629)

Supporting material: machine-readable table

1. Introduction

Measuring stellar rotation is of long-standing interest in
stellar astrophysics. It is a key parameter for detecting the
evolution of stellar angular momentum, which is advocated as
the mechanism able to explain mixing and dilution (Nofi et al.
2021; Sun et al. 2021; Kounkel et al. 2023). Thus, knowledge
of stellar rotation velocity may provide us a better under-
standing of stellar interior structure. In addition, the rotation
period is an important parameter for gyrochronology, age
dating using a star’s rotation period and mass, which is mostly
important for cool stars that evolve too slowly for isochrone
dating to work (Lu et al. 2023).

Several methods have been used to determine projected
rotational velocity (v sin i) from spectroscopy. It can be
obtained from the first zero frequency of the Fourier transform
(FT) of the isolated spectral line profile (Smith & Gray 1976;
Royer et al. 2002; Levenhagen 2014; Takeda 2020), or the
cross-correlation function (CCF) technique (Melo et al. 2001).
However, the two methods were not widely applied to large
sky survey projects, because the FT technique needs high-
resolution and high signal-to-noise ratio (S/N) spectra, and the
CCF technique requires a calibrator with v sin iaccurately
determined by other techniques. One widely used method was
proposed in Slettebak (1949), which use a rotational broad-
ening function to generate a theoretical grid with different
Original content from this work may be used under the terms

BY of the Creative Commons Attribution 4.0 licence. Any further

distribution of this work must maintain attribution to the author(s) and the title
of the work, journal citation and DOI.

rotations, and determined v sin i of 125 brighter O, B2-B5, and
B2e-BS5e stars by comparing the observed line contours of He I
4026 A to the theoretical line contours. Slettebak (1954, 1955)
conducted subsequent measurement for several hundred stars
ranging from B8 to GO, adhering to his previous method. In
1975, he further extended his research by obtaining v sin
i measurements for 217 stars classified as 09-F9, which serve
as a calibration standard for rotational velocities (Slettebak
et al. 1975). This method has also been applied to determining
the rotational velocities of cool stars with high-resolution
spectra. (Delfosse et al. 1998) derived the v sin i values for 118
field M dwarfs, and Reiners & Basri (2008) determined the v
sin i values for 45 L dwarfs.

As the v sin i values for an increasing number of stars were
calculated, several interesting phenomena emerged. Slettebak
(1949) discovered that Be stars have rotation velocities larger
than those of typical B-type stars. Fukuda (1982) found that
the Ae stars are faster rotators compared to typical A-type
stars, and Burkhart (1979) found that chemically peculiar
metallic-line (Am) stars are predominantly slow rotators. For
dwarf stars, Kraft (1967) discovered the Kraft break around
FO, and stars hotter than FO have faster rotational velocities.
The break was also discovered by later spectroscopic studies
(Sun et al. 2019; Kamann et al. 2020). For giant stars, Gray
(1989) found the rotational break occurs near GO. The reason
for these observable variations may be that hot stars possess
extremely thin convective envelopes, which prevent them
from generating magnetic winds and causing angular
momentum loss, while cold stars have thick convective
envelopes, thus their slow rotation velocity is considered a
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consequence of magnetic braking (Schatzman 1962; Kawa-
ler 1988). It is known that stellar rotation is a complex
physical process and large-sample rotational velocity catalogs
from large sky surveys allow us to better understand the
multifaceted nature of stellar rotation.

With the development of large sky surveys, data reduction
pipelines were being developed to automatically measure
stellar parameters. The Apache Point Observatory Galactic
Evolution Experiment (APOGEE) developed the APOGEE
Stellar Parameter and Chemical Abundances Pipeline (ASP-
CAP) for the automated analysis of high-resolution spectra
(R ~22,500 across 15100- 15799 A, 15867-16424 A, and
16484-17000 A) of the stars across the Milky Way (Garcia
Pérez et al. 2016). ASPCAP determines atmospheric para-
meters (T effective temperature, log g: surface gravity, and
[M/H]: metallicity) and chemical abundances by comparln%
observed spectra to grids of synthetic spectra, minimizing y
in a multidimensional parameter space. In the 16th data
release (DR), a projected rotational velocity dimension was
added to the the dwarf subgrids (log g < 2.5 dex), and the v
sin i of dwarfs were determined by ASPCAP (Jonsson et al.
2020).

Gaia DR3 obtained the projected rotational velocities from
the by-product of Extended Stellar Parametrizer for Hot Stars
(ESP-HS), measuring the line broadening on the radial velocity
spectrometer (RVS) spectra (8450-8720 A) However, despite
the relatively high resolution (R ~ 11,500), ESP-HS values
suffer from poor v sin i —related information for hot stars such
as OBA types due to the relatively limited wavelength range
(Fouesneau et al. 2023).

Similar to other large sky surveys, the Large Sky Area Multi-
Object Fiber Spectroscopic Telescope survey (LAMOST;
Wang et al. 1996; Su & Cui 2004; Zhao & Newberg 2006; Cui
et al. 2012; Zhao et al. 2012) developed the LAMOST stellar
parameter pipeline (LASP) to automatically determine stellar
parameters by analyzing Low-Resolution Spectrograph (LRS)
spectra, covering the wavelength range of 3800-9000 A with a
resolution of R ~ 1800 (Luo et al. 2015). Since the LAMOST-
II Medium-Resolution Spectrograph (MRS) survey, the LASP
was adapted to the MRS spectra (4950—5350A and
6300-6800 A, R ~7500). We updated LASP by adding a
method to measure projected rotational velocity from the
LAMOST spectra, using the synthetic spectra of PHOENIX
(Husser et al. 2013). The updated LASP was developed to
obtain a projected rotational velocity when other parameters
were determined. The updated LASP was applied to the
LAMOST DR9 and here provides a catalog of 121,698
rotational velocities for MRS stars and for 80,108 LRS targets.

In this paper, we provide a thorough description of the v sin
i measurement in the updated LASP. This paper is organized as
follows. Section 2 details the data we used in this work.
Section 3 describes the method we adopted, its validation on
APOGEE spectra and application to LAMOST spectra.
Section 4 displays the results of this work and displays
external accuracy by comparisons with catalogs. Finally, we
summarize this work in Section 5.

2. Data
2.1. PHOENIX Grids

In this study, version 16 of PHOENIX was adopted (Husser
et al. 2013), which used a new equation of state and an up-to-
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Table 1
Parameter Ranges of the PHOENIX Subgrids Used in This Work
Range Step Size
Torr (K) 2300-7000 100
7000 -12,000 200
log g (dex) 0-6.0 0.5
[Fe/H] (dex) —4.0 to —2.0 1.0
—2.0to +1.0 0.5

date atomic and molecular line list. This allowed PHOENIX to
produce synthetic spectra that match observations better than
other synthetic libraries, especially for cool stars.

The synthetic spectra cover the wavelength range from
500 At05.5 pm in the optical and near-IR, with a resolution of

~ 500,000. The grid coverage of T is from 2300-12,000 K,
log g from 0.0-6.0 dex, and metallicity ([Fe/H]) from —4.0 to
1.0 dex. We did not take into account alpha enhancement in
this work, and selected the subgrids of [«/Fe] = 0.0, which are
listed in Table 1.

2.2. Preliminary Sample Selection

The LAMOST DR collected more than 3 million (1.4 million
stars) MRS and 10 million (7.6 million stars) LRS spectra, of
these, 0.8 million stars with 1.6 million MRS spectra were
parameterized by the LASP and 5.1 million stars with 7 million
LRS spectra were parameterized for LRS. LASP has the
equivalent accuracies of stellar parameters on both MRS and
LRS, which are about 100K, 0.19 dex, and 0.10 dex for T,
log g, and [Fe/H], respectively, in the effective temperature range
of 4000 K <T. < 8500 K (Luo et al. 2015). This is because the
MRS, despite its higher resolution, covers a very small
wavelength range, from 4950-5350 A for the blue band, and
63006800 A for the red band. However, LASP can derive a
higher precision radial velocity (RV) for MRS than LRS, with a
precision of ~1.5kms ' compared to ~5.0kms ' (Luo et al.
2015; Wang et al. 2019).

Considering the wavelength coverage of the MRS, we
selected stars with 5000 K < T.¢ < 8500 K to determine v sin
ifrom the coadded spectra. We had no confidence in the
parameters of stars with T, >8500 K, because there is no
Balmer line in the blue part of the MRS spectrum that LASP
used. For the LRS, the low resolving power (R ~ 1800) allows
us to detect only fast-rotating stars, but fast-rotating stars are
rare in the late-type stars. Therefore, we abandoned the late-
type stars and added a few early-type stars, which are in the
effective temperature range of 7000 K < T < 9000 K.

In addition, both MRS and LRS observations have a nearly
fixed instrumental profile with a mean full width at half
maximum (FWHM) of 1 = 0.68 A for MRS (see Figure 1) and
a mean FWHM of p=3. 04 A for LRS (see Figure 2), with a
scatter of 0.06 A for MRS and 0.11 A for LRS. This indicates
that resolutions of MRS and LRS vary with wavelength; such a
resolution variation has an impact on the v sin i, and we
abandoned fibers with FWHMs beyond 20.

Nonsingle targets were also removed from samples previously
selected through crossmatching with Gaia DR3 (Gaia Collaboration
et al. 2021), and the catalogs from Whiting et al. (2023) and
Penoyre et al. (2022), which offered nearby binaries, Stars
with RUWE > = 1.4, and ipd_gof_harmonic_amplitude < 0.1
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Figure 1. Histogram of the full width at half maximum (FWHM) of the
thorium—argon wavelength calibration lines for MRS. The blue curve is the
Gaussian fit to the FWHM distribution.

120000
u=3.04 (A

100000 0=0.11 (A)

80000

60000

40000

20000

N

o e
2.00 225 250 275 3.00 325 350 375  4.00

Figure 2. Histogram of the FWHM of the arc calibration lines for the LRS with
the best-fit Gaussian plotted in blue.

or ipd_frac_multi_peak < 10 (El-Badry et al. 2021) were also
cut out.

3. Method

In this work, we used x> minimization in the v sin i space to
derive the best-matched v sin i under the constraints of other
parameters.

3.1. The Determination Method of v sin i

There are four steps for v sin idetermination, including
generation of the reference spectrum by interpolating PHOE-
NIX grids, matching of S}Z)ectral resolution, convolution of the
broadening kernel, and x~ minimization.

1. Generation of the synthetic reference spectrum. Since the
atmospheric parameters have already been determined by
LASP, we generated the reference spectrum by linearly
interpolating the PHOENIX grids with atmospheric
parameters around the LASP-determined ones.

2. The resolution of generated reference spectrum was
reduced to the resolution of the observed spectrum.

3. Convolution of the broadening kernel. The broadening
kernel was taken from Gray (2005) and is given below:

2
)
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Figure 3. An example x> minimization curve showing the fitting process. The
blue dashed curve is the result of dense-spline interpolation, and the red
asterisk is the minimum x? point.
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Figure 4. An example APOGEE spectrum is plotted in black along with
a best-fit model spectrum in red. The ASPCAP parameters of this target
are T.;=6188.34K, logg=42 dex, and [Fe/H] = —0.01 dex. The
reference spectrum from PHOENIX includes rotational velocity broadening
of 13.3kms ™.
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where v is the rotational velocity v sin i, € is the limb-
darkening coefficient, n is the width of the convolu-
tional kernel, and its value is resolution dependent.
We adopted €¢=0.6, n=7 for MRS and n=75
for LRS, and we produced 700 spectra with different
v sin i through convolving the reference spectrum with
different rotational kernels from v sin i=1kms 'to
350kms ! (step =0.5kms ).

4. x* minimization. We minimized x* by comparing the
observed spectrum to the convolved reference spectra.
Then we fitted the 11 points of (v sin i, Xz) which have
the minimum Y~ in the middle (see the blue points in
Figure 3), using a dense-spline interpolation method
instead of a Gaussian to avoid fitting failure (Du et al.
2019). The minimum x? point of the dense interpolation
corresponds to the projected rotational velocity of the
observed spectrum (see the red star in Figure 3).
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Figure 5. Comparison of our v sin i results with those from ASPCAP. The left panel shows the histograms of differences between results of this method and those of
ASPCAP along with a Gaussian fit in blue. The right panel shows the distribution in v sin i values as a function of the signal-to-noise ratio (S/N).

3.2. Validation on the APOGEE Spectra

To validate our method, we performed the method on APOGEE
spectra with a resolution of R ~ 22,500. The APOGEE spectra
included three bands, [15100-15799 A], [15867-16424 A], and
[16484-17000 A], and we used the spectrum of 15740-15780 A,
where four strong isolated lines exist (see Figure 4) to measure v
sin i.

Because of the resolution of APOGEE spectra, stars rotating
faster than 8 kms ™' can be detected (Frasca et al. 2016). We
selected the sample from the APOGEE DR17 catalog with the
ASPCAP T > 5000K and a v sin i greater than 8 km s,
and finally a sample of 27,000 spectra were selected.

We determined v sin i for the 27,000 spectra and compared
our results with the v sin i of ASPCAP, which is shown in
Figure 5. The results of our method are consistent with those of
ASPCAP, with a scatter of 1.27kms™'. To inspect the
influence of S/N on the v sin i measurement, we calculated
the mean and the standard deviation of the difference between
our results and those of ASPCAP under different S/Ns (see the
right panel in Figure 5), and noticed that the v sin
i measurement is greatly affected by the S/N for S/N < 30,
and less affected by S/N > 50.

We degraded the resolution of APOGEE spectra to
R =7500, to evaluate the performance of the spectra with the
same resolution of LAMOST, and the result shows that the
LAMOST MRS resolution allows us to detect only stars
rotating faster than 27 kms~'. We further excluded samples
with the ASPCAP v sin i less than 27 km s~ " in the evaluation,
Figure 6 shows the comparison of our results to the ASPCAP v
sin i, and the difference has a scatter of 8.79 kms ™.

3.3. Application to LAMOST

In this work, we estimated v sin i for both MRS and LRS in
LAMOST DR9, using the blue-band spectra with 4950
5300 A for MRS and 4200-5700 A for LRS. The application of
v sin i measurements to both surveys will be described below.

3.3.1. Application to the MRS

Consistent with the spectral band usoed in LASP, we also
used the blue-arm spectra (4950-5300 A) to measure v sin i,

80
R = 7500
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Figure 6. The histogram of the difference between our results and those of
ASPCAP is shown along with a Gaussian fit in blue.

without using the red arm because of the possible existence of
strong Ha emission (Wang et al. 2019). We adopted the stellar
parameters of LASP, including T, log g, [Fe/H], and RV,
and interpolated the synthetic spectra of the PHOENIX grids
based on the LASP T, log g, and [Fe/H]. Then, we degraded
the resolution of a reference spectrum to the resolution of
MRS, and subtracted pseudocontinua of both the synthetic
and the observed spectrum by polynomial fitting. We added
the broadening kernel that was given in Section 3.1 to the
synthetic spectrum (see Figure 7), and v sin iis determined by
minimizing x~.

3.3.2. Application to the LRS

For the LRS, we used the spectra of 4200-5700 A to
determine v sin i. We did not use the Ha (6520-6595 A) band
because of its instability and that an RV offset of
~7kms ™! exists in this band (Du et al. 2019). We did not
take into account the Call triplet (8400-8700 z&), because the
lines are weak for hot stars. Otherwise the measurement
procedure for the LRS was consistent with that for the MRS.
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the spline fits to the 1o uncertainties of € with an S/N step of 5.

4. Results
4.1. Precision

We estimated v sin i precision from the v sin i measurements
of the multiple observations for the same stars (Du et al. 2021).
The targets with more than three measurements were selected
for the calculation, and the statistical estimator used to assess
the precision is:

e=J/(n — 1)) x (vsini; — v sini) 3)

where n is the observation times of the same star, v sin i; is
the v sin iof the ith observation, i=1, 2, .., n, and
vsini = %Z?:H’ sin ;.

Figure 8 shows the distribution of v sin iprecision at
different S/Ns for MRS and LRS. For both of them, v sin
i precisions are highly dependent on the S/Ns when S/N < 50,

while a fixed level of about 4.0kms™ 1as S/N <50 is
obtained for MRS and about 10.0kms 'when S/N > 50
for LRS.

4.2. Catalog

We construct two v sin i catalogs for LAMOST MRS and
LRS, i.e., LAMOST MRS v sin i CATALOG and LAMOST
LRS v sin i CATALOG, which include 121,698 stars (221,770
spectra) for MRS and 80,108 stars (102,598 spectra) for
LRS respectively. The format for both MRS and LRS are the
same and here we display some example lines of the MRS v sin
i CATALOG in Table 2. The two full catalogs can be accessed
at doi: 10.12149/101316. For the LAMOST MRS v sin
i CATALOG, we did not have confidence in v sin i <
27kms ' as mentioned in Frasca et al. (2016), stars with v sin
i <27kms 'were removed, and for LAMOST LRS v


https://doi.org/10.12149/101316

THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 271:4 (10pp), 2024 March

Dwarf
2.5
= 2.0
w
g
=
0 1.5
o4
)
£ 10
wn
S
0.5

oo

7500

8500 6500

Tert MRS (K)

5500

Zuo et al.

2.25

2.00

1.75

1.50

1.00

v sini MRS (km s~ 1)

0.75

0.50

8500

7500 6500

Tetr_ MRS (K)

Figure 9. The v sin i —T.¢ diagrams for dwarf stars (left) and giant stars (right), color coded by the log10 (number). The red curves are the spline fits to the average v

sin  within nonuniform T bins.

Table 2
Parameters of LAMOST MRS v sin i CATALOG
UID® RA. Decl. S/N Tt log g [Fe/H] v sin i v sin i_err®
(deg) (X) (dex) (kms™")
G16865597923189 22.4280930 547624245 40 7662 3.98 0.14 224 2
G16865927110078 26.0557060 543317642 42 7850 3.91 0.02 90 4
G17457893282113 83.7000580 42.1455650 266 8135 4.02 —0.19 130 1
G17462346236306 75.8974991 48.2667503 114 7570 4.03 —0.05 113 1
G13295087724001 340.1962585 24.3700695 150 7473 3.91 0.27 45 4
G13292221927576 344.4146423 32.3737564 181 7919 4.09 0.01 92 2
G13296262504355 340.7543030 27.2950096 178 7527 4.15 —0.16 262 1
G13302953250167 356.0117493 29.4897861 158 7911 4.14 —0.14 118 1
G13307681691870 351.3109436 240695324 306 7672 4.01 0.21 94 2
G13278647737207 354.9405212 39.4682617 370 7702 3.94 0.07 58 2

Notes. The LAMOST LRS v sin i CATALOG has the same format, so we did not display it.

? LAMOST unique target ID.
o Projected rotational velocity derived with the method in this work.
€ Error estimated by the method laid out in Section 4.1.

(This table is available in its entirety in machine-readable form.)
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Figure 10. The box extends from the lower to upper quartile values of the LRS
v sin i of Am, A, and Ae stars, with the green dashed (orange) line at the mean
(median). The vertical lines extend from the boxes to show the v sin i range.

sin i CATALOG, stars with v sin i < 110 km s~ ! were removed
for the same reason. Finally, 121,698 stars are included in
the LAMOST MRS v sin i CATALOG, 80,108 stars for

the LAMOST LRS v sin i CATALOG, and for stars with
multiple observations, v sin i and uncertainties calculated from
the spectrum with the highest S/N were given in the two
catalogs.

The behaviors of rotation along the main sequence and
giants were studied by Kraft (1967) and Gray (1989); stars with
near solar abundances (—0.5 <[Fe/H]< 0.5 dex) in the
LAMOST MRS v sin i CATALOG were separated into dwarfs
as log g > 4.0 dex and giants as log g < 4.0 dex so as to inspect
their behaviors. We did not take into account the LAMOST
LRS v sin i CATALOG because of its limited temperature
range of 7000 K < T.g < 9000 K. Figure 9 shows the distribu-
tion of v sin i at different temperatures; it sharply decreases at
Tete ~ 7000 K for dwarfs, which is consistent with the Kraft
break around FO; the average rotational velocity of stars with
Terr < 7500 K (see the red curve in the left panel of Figure 9) is
greater than 120 km sfl, which is similar to the result in
Fukuda (1982). For giants, the break occurs at T.¢~ 6500 K,
which is consistent with the rotation behavior in Burkhart
(1979) and Gray (1989), and their average v sin iis larger than
50km s, which indicates that giant stars have a gentle v sin
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i transition (as shown by the red curve in the right panel of
Figure 9).

As mentioned in the Introduction, compared to typical
A-type star, Am and Ae are slower and faster rotators,
respectively. We crossmatched the v sin iLRS CATALOG
with the catalogs of Shang et al. (2022) (Am stars), “LAMOST
Spectral Index of A type Stars,” and Zhang et al. (2022) (Ae
stars), and obtained 387 Am, 49,107 typical A-type (removed
Am and Ae), and 2215 Ae stars. The rotational velocities of the
three types of stars are shown in Figure 10, and their average v
sin i are 121 km sfl, 158 km sfl, and 185 km sfl, respectively,
which are in agreement with the results in Fukuda (1982). We
did not consider the MRS v sin i CATALOG here, because
Terin this catalog are all lower than 8500 K, which means no
hot A-type stars can be used.

4.3. Comparison of MRS and LRS

We crossmatched the LAMOST MRS v sin i CATALOG
with the LAMOST LRS v sin i CATALOG, finding 6000 stars
in common, which are all fast-rotating stars because the
LAMOST LRS v sin iCATALOG only provides v sin
i <110kms'. The difference distribution of v sin i for these
stars is shown in Figure 11, with a mean of 3.45 km s 'and a
standard deviation of 20.76kms™'; the relative error of
difference is less than 2%.

The v sin i differences at different temperatures are shown in
Figure 11 (lower right panel), and we found that the differences
become larger at T,y >8000K when compared to
7000 < Toir < 8000 K, which is because the higher the
temperature, the weaker the spectral lines of MRS blue-arm
spectra are (4950-5300 A). We noted a slight downward trend
in the lower right panel of Figure 11; this is probably because
the mixing of metal lines intensifies with the decrease of
temperature for LRS, resulting in a whole overestimate of
rotational velocity, which is why we did not measure v sin i for
stars with T < 7000 K.

4.4. Comparison with Other Catalogs

To verify the reliability of the v sin iobtained from our
method, we compared our results to other catalogs, including
APOGEE DR17, Gaia DR3, and SUN (Sun et al. 2021,
hereafter SUN), where APOGEE DR17 focuses on F-, G-, and
K-type stars, while Gaia DR3 and SUN focus on early-type
stars (F and A types). In order to reduce the uncertainty
introduced by the stellar parameters, we selected the stars with
temperature differences less than 500 K, and differences of
both log g and [Fe/H] less than 1.0 dex.

4.4.1. Comparison with APOGEE DRI7

Projected rotational velocities released in APOGEE DR17
are less than 100kms ', which have no overlap with the
LAMOST LRS v sin i CATALOG, thus we only compare the
LAMOST MRS v sin i CATALOG with APOGEE DR17, and
obtain 311 common stars. Figure 12 shows the comparison
results, and we notice that v sin igiven in this work are
consistent with ASPCAP results, with a small offset of
0.40 km sfl, and a scatter of 3.10kms ™.

4.4.2. Comparison with Gaia DR3

Gaia is a space mission of the European Space
Agency (ESA) that started in 2013 (Gaia Collaboration et al.
2016), and the first data was released in 2016 (Clementini et al.
2016; Recio-Blanco et al. 2016). Its aim is to primarily
provide a three-dimensional map of the Milky Way. In 2023,
Gaia published DR3 (Creevey et al. 2023), including
radii, masses, ages, chemical abundances, and more than
470 million stellar parameters (T logg, and [Fe/H]).
For hot stars, ESP-HS determined rotation velocities by
measuring line broadening on RVS spectra (Fouesneau et al.
2023).

We crossmatched the LAMOST MRS v sin i CATALOG
and LAMOST LRS v sin i CATALOG with Gaia DR3, and
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Figure 12. Comparison of MRS v sin i results in this work to APOGEE DR17,
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histogram of v sin i differences between the two catalogs with a Gaussian fit
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obtained 4526 common stars for MRS and 7013 common stars
for LRS. Figure 13 shows the comparison between the MRS
catalog and Gaia DR3 catalog, and Figure 14 shows the
comparison of the LRS catalog to the Gaia DR3 catalog. The
results in this work generally agree with Gaia v sin i with
scatters of 12.2and 24.7kms ' for MRS and LRS, respec-
tively. The scatter of MRS is relatively larger than that of
APOGEE DR17 (3.10 km s "), because ESP-HS only provided
v sin i for hot stars, and v sin i—related information for hot stars

in the 8450-8720 A wavelength range is poor (Fouesneau et al.
2023).

4.4.3. Comparison with SUN

Sun et al. (2021) used a machine-learning algorithm to
obtain stellar rotation, which trained a model with the
theoretical Kurucz spectra, and it was used to calculate the v
sin i of observed spectra.

We crossmatched the LAMOST MRS v sin i CATALOG
and LAMOST LRS v sin i CATALOG with the SUN catalog
(Sun et al. 2021), and obtained 8267 and 2628 common stars,
respectively. We compared the results in the two LAMOST
catalogs with those in SUN, which are shown in Figures 15 and
16. The offset and scatter between LAMOST MRS and SUN
are 2.2and 6.5kms !, and 1.2 and 28.4kms ' for LRS and
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Figure 13. Comparison of MRS v sin iresults in this work to Gaia DR3
following the conventions of Figure 12.

SUN, which indicates that the results are consistent and that the
LRS has relatively large scatter.

5. Summary

In this work, we used X2 minimization to derive the best-
matched v sin i under the constraints of atmospheric parameters
determined by LASP, through comparing the observed spectra
to the PHOENIX synthetic spectra. We validated this method
on APOGEE DRI17, integrated it into LASP, and applied it to
LAMOST MRS and LRS spectra. Eventually, we obtained v
sin i catalogs for both MRS and LRS.

1. The v sin i determination method. We used a minimum y*
algorithm to calculate v sin ithrough comparing the
observed spectrum with the reference spectra from
PHOENIX grids based on the atmospheric parameters
that have already been determined by LASP. We first
generated the synthetic reference spectrum with the
theoretical PHOENIX grids and decreased the reference
spectrum resolution to the observed spectrum resolution.
Then, the reference spectrum was convolved by the
broadening kernel with different v sin itaken from Gray
(2005), and we finally obtained v sin i by the minimum *
between the observed spectrum and those convolved
reference spectra.

2. Method validation. We selected 27,000 APOGEE DR17
spectra with T >5000K and v sin i > 8km s 'to
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Figure 14. Comparison of the LRS v sin ito Gaia DR3 following the
conventions of Figure 12.

calculate their v sin i with the method proposed in this
work, and the offset and scatter were 0.35and
1.27 kms ™' compared to APOGEE DR17. The resolution
of the APOGEE spectra were reduced to that of the
LAMOST MRS spectra (R ~7500), v sin iwere
calculated for these spectra, and compared to the
APOGEE results the offset and scatter are 3 kms ™' and
8.79 kms ', respectively, which indicates that the v sin
i given by this work are consistent with APOGEE DR17
and that the v sin i determination method can be used for
LAMOST spectra.

. Application to LAMOST. We integrated the method into
LASP, and applied it to both MRS and LRS spectra based
on the determined atmospherical parameters of LASP. As
mentioned in Frasca et al. (2016), stars with v sin
i <27kms ' of MRS and v sin i < 110kms™ ' of LRS
were removed, and we established two v sin i catalogs, i.e.,
the LAMOST MRS v sin i CATALOG and the LAMOST
LRS v sin i CATALOG, for 121,698 MRS stars and 80,108
LRS stars. For both MRS and LRS, the intrinsic precisions
of v sin i were obtained by repeat observations, and they
are ~4.0kms™' for MRS and ~10.0kms™ ' for LRS as
S/N>50. We crossmatched the two LAMOST v sin
i catalogs finding that rotational velocities of 6000 common
stars are consistent with an offset and scatter of 3.45 and

20.76 kms~'. We found that v sin / differences of the two
catalogs increase at T.g > 8000 K because the spectral lines
become weaker in MRS blue-arm spectra (4950-5300 A)
when T.rincreases. The LAMOST MRS v sin
i CATALOG was compared with APOGEE DR17, Gaia
DR3, and SUN, respectively: v sin i in MRS are consistent
with the other three catalogs and the scatters are 3.1 km sfl,
122kms™!, and 6.5kms™"', respectively. We also com-
pared the LAMOST LRS v sin i CATALOG with Gaia
DR3 and SUN, and the v sin i scatters are 24.7 and
28.4kms~'. We noticed that the dispersion between the
MRS catalog and Gaia DR3 is obviously larger than those
between MRS and the other two catalogs, because Gaia
only provided v sin ifor hot stars and the v sin i-related
information of these stars are poor in the wavelength range
of 8450-8720 A (Fouesneau et al. 2023). In addition, stars
with —0.5 < [Fe/H] < 0.5 dex in the LAMOST MRS v sin
i CATALOG were selected and separated into dwarfs and
giants, and we found that v sin i of both dwarfs and giants
decreases as Tgdrops; the former transition occurs at
T~ 7000 K, and the latter occurs at 6500 K; such a result
is consistent with the rotation behavior presented in Kraft
(1967) and Gray (1989).
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