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LAMOST — A unique survey telescope




Structure of LAMOST

LAMOST = = &

MA mirror

4000 Fiber
Positioning

5.72m X 4.4m

4000
Fibers

MB mitror
(sphetoid) 16 Spectrographs
32 CCDs

6.67 m X 6.05m




Innovations in LAMOST

a active reflecting Schmidt telescope

the Wang-Su type telescope which could get the largest
aperture for wide field of view

large field of view (5 deg) +large aperture (4m)

achieved by new type of active optics — thin deformable
segmented mirrors active optics

4000 optical fibers on focal surface

Parallel controllable fiber positioning opened the way to
take thousands optical fibers observing in short time




MB: 37 sub-mirrors (6.67m x 6.05m)
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Active optics for segmented
37 MB sub-mirrors

Auto-collimation Test

MB S-H Sensor// 7

d-Displacement
m-Actuator Motor




MA: 24 sub-mirrors (5.72m x 4.4m)




Active reflecting Schmidt optical system
Ma (24 sub-mirrors) + Mb (37 sub-mirrors)
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Aperture — field of view
( prof. Wilstrop in Cambridge University )

{Astronomical Optics and Elasticity Theory) , 2009, p. 41
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New technique:
__Parallel controllable fiber positioning







New spectroscopical survey projects

SDSS-V: New hardware

v FPS (Focal Plane System)

SDSS-V
Focal Plane System Overview
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Spectroscopic Survey of LAMOST

_- low resolution mode medium resolution mode

SE NNV | year  pilot survey

S ANENT I AXYE 5 years 1st regular survey

SERPNVENTUNUEE | vear continue test survey

SERGRE NI RS 5 yvears 2nd regular survey 2nd regular survey

- Scientific goals:

 Structure & evolution of the Milky Way
« Stellar astrophysics

* Quasars & galaxies




low & medium resolution modes

| |
| Co ‘ tor

16 spectrographs in low-resolution mode

Detector
AN
Camera \

Cross Disperser

N | VPHG for MRS NG

Collimator #2

i : 16 spectrographs in medium-resolution mode
1 spectrographs in high-resolution mode P grap




Accuracy: Vr <1km/s

~ 20 elements abundances

« Li, C, Na, Mg, Si, Ca, Sc, Ti,
V, Cr, Mn, Fe, Co, Ni, Cu, Y,
Sm, Nd and Ba etc.

4000 fibers
g<15 Mag.
R ~ 7500

Medium-resolution survey (MRS)

R~1800 R~7500

Vr < S5km/s  <1km/s
200k 100k

Logg 0.2dex 0.1 dex

[Fe/H] 0.2dex 0.1 dex

[a/Fe] 0.2dex 0.1 dex




The 2" regular survey of LAMOST

2018.9 - 2023.6:

» survey In low-resolution (dark nights)

* survey in median-resolution (bright nights)

- observations in high-resolution (full moon nights)

DARK NIGHT
THE LAMOST LOW RESOLUTION
SPECTRAL SURVEY FOR FAIT OBJECT

GREY NIGHT
THE LAMOST MIDDLE RESOLUTION
SPECTRAL SURVEY




Raw data by LAMOST




Data reduction
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Operation of LAMOST
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~ 20,000,000 spectra by LAMOST

- DR9 dataset (Mar. 2022)
» Observed: Sep. 2011 — Jun. 2021

L lution d Medium-resolution non [Medium-resolution time- Total
ow-resofution data time-domain data domain data

11226252 1841959 6384475 19452686
10109779 1194264 3662548 14966591
7060436 906003 771211 8737650

Low resolution obs. of LAMOST DR9 Midium resolution obs. of | LAMOST DR9



Data release of LAMOST

- Data police:

* Released to Chinese astronomers and international parteners
* Released to Public after 18 months

Dataset

Pilot survey (PDR)
Pilot + 1 year Normal survey: (DR1)
Pilof + 2 year Normal survey: (DR2)
Pilot + 3 year Normal survey: (DR3)
Pilot + 4 year Normal survey: (DR4)
Pilot + 5 year Normal survey: (DR5)
Pilot + 6 year Normal survey: (DRé)
Pilot + 7 year Normal survey: (DR7)

Pilot + 8 year Normal survey: (DR8)
Pilot + 9 year Normal survey: (DR9)

Spectra with
S/N>10

0.56 M
1.74 M
3.27 M
4.66 M
6.21 M
7.77 M
9.37 M
14.48 M
17.23 M
19.45M

Stellar parameters

0.36 M
1.06 M
220 M
3.17M
420 M
5.34 M
6.36 M
/.00 M
7.75 M
8.73M

Datarelease to
domestic / public

2012.08 /2012.08
2013.09 / 2015.03
2014.12 /2016.07
2015.12/2017.07
2016.12 /2018.07
2017.12/2019.07
2019.03 /2020.10
2020.03 /2021.10
2021.03 /1 2022.70
2022.03 / 2023.70



Collaborations with CDS & ESA

- LAMOST datasets collected by ViziR/CDS from 2016

LAMOST DRS in VizieR

 Fusion with ESASKy astronomical data system

vvvvvvvvvvvvvvvvvvvvvvvv




Collaboration with Kepler project

LAMOST-Kepler project (2012-2017,2018-=*)

M»Ylvrvrlrvvvlvvvi‘vrv1"71‘

ics : * LAMOST+Kepler Year #Fields #Plates #Spectra
N « LAMOST A
; 2012 3 7 17,659
50—
; 2013 6 14 39,309
8 48 2014 7 14 38,516
3-48 v 2015 11 32 97,247
=B 2017 6 16 35,139
S 44
S 2018 1 2 4892
4 [
g a2f total 33 83 238386
-~ [
0 0 -
Q 40}
- ~39% of Kepler stars observed 1of
38} i
gl oo e v v vt vt ] DeCat & Fuet al. 2015, AgJs, 220, 19

280 285 290 295 300 Zong, Fu & De Cat et al. 2018, ApJs, 238, 30

BLOUE ANOWISLON | (AGLANS) Fu, De Cat & Zong, 2020, RAA, 20, 167 R il

[Pa/K]



Declination (degrees)

30F

LAMOST-K2 project

T T T Y T T T T 1 - T T T T T T T T T T T v T |
K2 G
LAMOST + K2

Obs.: 2012-2017 -
« 170,000 spectra,

« 120,000 stellar parameters
« K2 objects: 86,000 (~20%)

v L g "

Wang, Fu & Zong et al. 2020, Ap/S, 251, 27



Medium resolution survey for LAMOST-KEPLER/K?2
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» 20 plates in Kepler & K2 regions
> 50,000 stars

» 60 obs. for each plate
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Publications by used of LAMOST data

No. of papers: 947

2010-20214 #) FILAMOST 4 3%
A ASCI3# L4

157

andilll

139
114

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

2021

2500 -

2000 A

1500 |-

1000 -

No. of citations:
10, 394

2010-20214 4] JLAMOST 3%
Z ASClig L 84 5] Lo

18 15 m M

2709

1650
1335

657
'69* l I

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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No. of papers by foreign
astronomers

201020214 B 4P KR XL F R A R ELHA

wE AR P AR EESCLE S W 5 P A ASCIE L4
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o asenaitlll
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

-

| o7 | 2018 | 2019 | 2020 | 2021

No. of SCI by foreign astronomers
No. of SCI by Chinese astronomers 55 77 89 97 120
Ratio 38.9% 32.5% 36.0% 39.3% 48.3%




Abundances in the Milky Way across Five
Nucleosynthetic Channels from 4 Million LAMOST Stars

EZEECLEIT K
FURARFITEEKR
A R

Show affiliations

Wheeler, Adam; Ness, Melissa; Buder, Sven; Bland-Hawthorn, Joss;
De Silva, Gayandhi; Hayden, Michael; Kos, Janez;, Lewis, Geraint F.; Martell, Sarah;
Sharma, Sanjib; Simpson, Jeffrey D.; Zucker, D. B, Zwitter, Tomaz

Large stellar surveys are revealing the chemodynamical structure of the Galaxy across a
vast spatial extent. However, the many millions of low-resolution spectra observed to
date are yet to be fully exploited. We employ The Cannon, a data-driven approach for /LAMOST 7_[_( % i\
estimating chemical abundances, to obtain detailed abundances from low-resolution (R=| Gaia kX [X , XT4E>0
1800) LAMOST spectra, using the GALAH survey as our reference. We deliver five (for ?\ .ft -;‘- II_&L Jﬁ E/\] EJ} ?_-t
dwarfs) or six (for giants) estimated abundances representing five different TXEE ﬁ% T ﬁﬁ ﬁﬁ ﬂi ﬁ El"]
nucleosynthetic channels, for 3.9 million stars, to a precision of 0.05-0.23 dex_ Using 'T‘IJE% /
wide binary pairs, we demonstrate that our abundance estimates provide chemical
discriminating power beyond metallicity alone. We show the coverage of our catalog with
radial, azimuthal and dynamical abundance maps and examine the neutron capture
abundances across the disk and halo, which indicate different origins for the in situ and
Elaw =1 1o lE ol elololV Nl Ig M AMOST has near-complete Gaia coverage and provides an
nprecedented perspective on chemistry across the Milky Way.

Publication:  The Astrophysical Journal, Volume 898, Issue 1, 1d.58

Pub Date: July 2020

DOI: 10.3847/1538-4357/ab%a46 (Wheeler et al. 2020, ApJ, 898)




Article

A stellar streamremnant of agiobular
cluster below the metallicity floor

https://doi.org/10.1038/541586-021-04162-2
Received: 14 June 2021
Accepted: 19 October 2021
Published online: 5 January 2022
® Check for updates

C-19: stellar stream

LAMOST: 1 star

Gemini N: 3 stars
GTC: 6 stars

Nicolas F. Martin™*', Kim A. Venn’, David S. Aguado®*®, Else Starkenburg’, Jonay |. Gonzilez
Herndndez™”, Rodrigo A. Ibata’, Piercarlo Bonifacio®, Elisabetta Caffau®, Federico Sestito’,
Anke Arentsen’, Carios Allende Prieto®®, Raymond G. Carlberg™, Sébastien Fabbro™”,
Morgan Fouesneaw’, Vanessa Hill”, Pascale Jablonka™”, Georges Kordopatis®,

Carmela Lardo™, Khyati Malhan™, Lyudmila |. Mashonkina™, Alan W. McConnachie”,

Julio F. Navarro®, Rubén Sinchez-Janssen”, Guillaume F. Thomas™*, Zhen Yuan'&

Alessio Mucciarelli™™

Stellar ejecta gradually enrich the gas out of which subsequent stars form, making the
least chemically enriched stellar systems direct fossils of structures formed in the early
Universe'. Although a few hundred stars with metal content below 1.00Cth of the solar
iron content are known in the Galaxy™ *, none of theminhabit globular clusters, some of
the oldest known stellar structures. These show metal content of at least approximately
0.2% of the solar metallicity ([Fe/H] = — 2.7). This metallicity floor appears universal™,
and it has been proposed that protogalaxies that merged into the galaxies we observe
today were simply not massive enough to form clusters that survived to the present day’.
Here we report observations of a stellar stream, C-19, whose metallicity is less than 0.05%
of the solar metallicity (|[Fe/H] = - 3.382 0.06 (statistical) £ 0.20 {systematic)). The low
metallicity dispersion and the chemical abundance
stream is the tidal remnant of the most metal-poor g
and is significantly below the purported metallicity
metallicities than observed today existed in the pas]
Milky Way halo.

C-19 stream
of stars

Research group from
France, Canada, Italy,
China et al.

Z. Yuan: LAMOST fellow




Publications by optical telescopes
Jan. 2017 — Dec. 2021

LAMOST is the 5" with the 25 O/IR telescopes in the world

2017-2021 52325 K F /4o 25 - B R




LAMOST sciences




Structure of the galactic disk: radius

* |n textbook

50,000 light years

« 2017:
Liu et al. RAA
62,000 light years

- 2018:
Lopez-Corredoira et al. AA ,
100,000 light years SRR AN R

« 2021:
Lietal ApJ
97.800 light years




Monoceros ring

 Origin from disk
- Extended to 30 kpc

Milky Way Ring
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Structure of the halo

; Inner helo
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Total Mass of the Milky Way

My, = 0.90 (+0.07, —0.08)X10'2 M, M., = (0.91 % 0.05) X102 M
epy = 0.32 (+0.02, —0.02) GeV cm™> Voo (R =529 £ 29 km/s
E . = 700§ ;
300 E E 650
E L) [ ¢ 1 6005 &30
E -'ot‘.'....'o ] .,,‘ .. . 3 -
200F 7 - 9'»".;.';. Eid = 500
f o, Vel e Sl
£ |ooE~ -3 -_-\\---___"‘“--___ '— £ o
> 1 = £ 3005 seqnoria
o E 1w
-IOC'E- ) ::3; _ 1005
» x.c- - 1[,3 o ‘510 ‘1cl>o‘ A x;o‘}‘ ‘ 260 lzsl»oA 300
r (kpe r (kpc
Huang et al. 2016 Huang et al. submitted

* Hitherto the most accurate Galactic rotation curve extending to 100 kpc based on 12000
selected from LSS-GAC DR2 and 4000 selected from APOGEE low Galactic latitude
(|b] < 30) primary red clump stars, and 6000 halo K giants selected from SDSS

* Measurements of the Galactic escape velocities at Galactocentric radii between 5 and 14
are presented based on a sample of 527 high velocity halo stars (| vr| > 300 km/s,
[Fe/H] < -1) selected from the LAMOST Galactic spectroscopic surveys
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The Local Standard of Rest

Table 1. Mecasorements of the LSR i the Hueratures and from the current work

Source Dats v Vo Wo * Based on 94,332 thin disk FGK dwarfs

(kms) (kms ") tkms ')
| this study 20141 LSS.GAC DRI 2014020 10434012 4952009 | Wlthln 600 pC Of 'rhe SU.fl.
Bobylev & Bajkova (2013) Young objects 6.00 4 0.50 10.60 + 080 6.50 £ 0.30
Cogkunoglu et al, (2011) RAVE DR $S0£020 138043 64026 ( u.V @,W@) =
Bohylev & Bajkova (2010) Masers 550422 11004+ 190 RS04 1.20
Breddels ef al (2010} RAVE DR2 RO0 =060 2040+ 050 780030
ST e (7.0140.20, 10.1340.12, 4.954).09) km/s
Schoarich et al, (2010 Hipparcos L1055 2470 s 128 o
Reid et al, (2009) Masers a0 2 10
Francis & Andesson (2004) Hipparcos 7.50 + L) 13304030 680=0.10
Buobyley & Bajkova (2007) F & G dwarfs 8,70 & 0.50 6204222 T7.20 % (.80 . . . « .
Piskunov et al. (2006) Open clusters 9444 114 11904072 720+042 ° \/ 1S 2 ttmes Of one in Galactlc
Al 100y, Lk 4 VBN 1119 2136 ,,
| Dehnen & Binney (199%) Hipparcos 1000036  525+062 717 = 0,38 | { ( 5 )
Binocy ot al 97 Stars pear South Celestial Pole 1100 = 0.60 REIES ) 100 = (h60 Dynamlcs Dehnen & Blnney 1 998
Mihalas & Binney {1981 Galaetie Astromomy (204 Ed. ) 9,00 1200 70
Homann (1884) Solar nesghbourhood stars 1740 =112 1690 £ 1090 360 £ 230

Method I: VDF

Method I1: CTDS

3 L] T L) T v L) L v T L) L
f ~——— Tolo#
“m:' 1500 4 + 4
ooE 1000} 4 ]
z § z
1000 F-
a 0 Ll A ‘\‘l- " ahhastendend ‘.44( b d Ao "
150 200 250 ~100 ~50 0 50 100 -5 0 50
Vg (km s7) U (e s™) v (em 8"
Himana et al 20
I TUQl IU ClLAl. LV




Dark matter mass density in the solar neighborhood

- . We apply the vertical Jeans equation to the kinematics of Milky Way stars in the solar

* Wlth I—AMOST data and a 3l mple nuighlhtu;rlunxl 1o measure lhcqlucul dark matter density. More lh;m ‘)()'()(X) G- and K-type
- . dwarf stars are selected from the cross-matched sample of LAMOST (Large Sky Area Multi-

analytlcal KZ fo rce mOdeI depend I ng on Object Fibre Spectroscopic Telescope) fifth data release and Gaia second data release for our

. analyses. The mass models applied consist of a single exponential stellar disc, a razor thin gas

IeSS assum ptlons disc, and a constant dark matter density. We first consider the simplified vertical Jeans equation

that ignores the tilt term and assumes a flat rotation curve. Under a Gaussian prior on the total

° the VOI ume denSity Of the dark matter stellar surface density, the local dark matter density inferred from Markov chain Monte Carlo

. g 22 +HL0024 X Ry .
simulations is 0.013370 0057 M, pe™. The local dark matter densities for subsamples in an

around us |S 0018 i OOOSMQpC-s azimuthal angle TARZE OF =10 = @ = 5° are consistent within their la errors. However, the

0.04 J U % = RAVE, Bienayme + 2014
: =SDSS, Zhang + 2013 -] 1.4 h, =250 pc ® uniform ® Ns= 1E4
0.035 |- : = LAMOST, Xia + 2016' Q028 <P e i e e R SR R R R O 1
: McKee + 2015 hy =300 pc * exponential A Ns= 3E4
: - Garbari + 2012 412
0.03 > = Bovy, Tremaine 2012 hy; =350 pc
: = SDSS. Bovy, Rix 2013*
. ©SDSS, Smith + 2012 | 10— o e ™
=, 0.025 | 13 |
g S @)
3 LAMOST {083 - || l“
= 002} S EO 0.015 |
p — ?e P ,“T | T
2 0015 |- 1.2 £ It 4
o
SS Q. o.010 24 1 B O SRR o3 H BSSen TR TRSEE S 2 >
0.01 | -1 04
0.005 |- : o 0.2 DU - | - 1 i AEANY, .8 S
04— ; = - : 0.0 1200 1400 1600 1800 2000
20 30 40 50 60 70 v4 [pc]
. max
Thayon  [Mo/pc’] Sivertsson et al. 2017

Xia, Liu, et al., MNRAS,2016 Guo, Liu, et al., MNRAS,2020




Steller stream In the halo

LAMOST K giants

80 1 Motions of 7,000,000 Gaia stars
@ ; Galzclic dsc
£
5
c& 4
% % i
e E ‘.:‘. e s
) =9 -
o 35
& g
Q ] t The Sausacs

AN 0 pacd

radial motion, km/s

> Monoceros Ring i

> Sagittarius streams =

» Orphan stream -

> Cetus stream P L

> Gaia-Sausage i OTe M areett Ve

-300 ~200 -100 0 100 200 300

Yang, Xue et al. ApJ, 2019a V, (kms~)




Steller stream In the halo

» 33000 M giants in DR4

« 3d space orbit of the Sgr
sfream

» The farside in 130 kpc from
the Sun

Li etal. 2019, ApJ, 874, 138

42




Metal-poor stars

3000 - LAMOST-DR3

: SDSS-DR14
2500
= 2000
= _
= ,
= 1500
s |

- 100,000 candidates of bright metal- .
poor stars gt
. 90% to search [Fe/H]<-2 ’ i

| & SR VRN . o o A A RS GAS 1S s B

8 10 12 14 16 18 20 22

\j Mmmaa
*  “Millstone” sample: | .
400 high resolution spectra ‘ Vil ® .
H500 OO \lﬁ:‘l:lllkl SO0 4500

Lietal. 2020, ApJ




Evidence for the accretion origin of a holo star

a T I
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Evidence for the accretion origin of halo stars with
an extreme r-process enhancement

Qian-Fan Xing", Gang Zhao ", Wako Aok = %, Satoshi Monda*, Hai-Ning L, Mifho N. Ishigaki*
and Tadafumi Matsuno & **

Xing et al. 2019, Nature Astronmy, 3, 631




Ages of 1,000,000 stars

*  Turn-off stars: 1 M (Xiang et al. 2015, 2017)

* RCstars: 0.2 M
 Redgiants: 0.64 M

Age
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Reviewer's Comments: This is a solid body of work that makes a significant
contribution to the field, and which is especially valuable as a benchmark for

Galactic evolution modeling.
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A time-resolved picture of our Milky Way’s
early formation history
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Maosheng Xiang'™ & Hans-Walter Rix"™

M. Xiang: LAMOST fellow

The formation of our Mifky Way can be split up qualitatively into different phases that
resulted in its structurally different stellar populations: the halo and the disk
components' . Revealing a quantitative overall picture of our Galaxy's assembly
requires a large sample of stars with very precise ages. Here we report an analysis of
such a sample using subgiant stars. We find that the stellar age~metallicity distribution
plr, [Fe/H)) splits into two almost disjoint parts, separated at age 7 = 8 Gyr. The younger
part reflects a late phase of dynamically quiescent Galactic disk formation with
manifest evidence for stellar radial orbit migration'™; the other part reflects the earlier
phase, when the stellar halo” and the old a-process-enhanced (thick) disk™* formed.
Our results indicate that the formation of the Galaxy’s old (thick) disk started
approximately 13 Gyr ago, only 0.8 Gyr after the Big Bang, and 2 Gyr earlier than the
final assembly of the inner Galactic halo, Most of these stars formed around 11 Gyr ago,

when the Gala-Sausage-Enceladus satellite merged with our Galaxy"™™, Over the next
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The largest OB catalog

« OB stars: high tepereture,
high mass, short life, rare

« 16032 OB stars discoveried
by LAMOST o s TURCE ok
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Liu etal. 2019, ApJS, 241, 32




New Qe stars

Oe star: very few

high speed rotation

with disk
6 Oe stars discovered by LAMOST, 13 Oe stars in total before
To understand the origin of the Oe stars

\ =) Lietal. 2018, ApJ, 863, 70



Early-type stars

40,034 early-type stars
with vsini, Teff, log g, [M/H]

Medium resolution obserced
by LAMOST
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Hyper-velocity stars: 4 from LAMOST

. Letter of prof. Brown: “an exciting pair of hypervelocity star
discoveries”™

- \Websites: Universe Today, Phys.org, AAS Nova
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High-velocity stars

» 591 high-velocity stars (2x before)
» 42 candidates of hyper-velocity stars (2x before)
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Li et al. 2020, ApJS



Superfiare stars characterised by enhanced magnetic activity

*5648 solar-like stars
48 superflare stars.

Superflare stars are
generally characterised by
larger chromospheric [
emissions than other 0.15]
stars, including the Sun.
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Highest Li abundance in the Li-rich giants

!—Iighesft I__i abu_ndance Li produced by solar-like Li-rich in red clump
in the Li-rich giants stars stars, not in red giants

il MR R EE R BT R
Kumar et al. 2020, Nature Astronmy Yan et al. 2021, Nature Astronmy




Discovery of stellar-mass black hole

« 70 Mg black hole
- New method to discover black holes
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“Black-hole hunter”

A= E F X

Four plates of LAMOST
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Puzzle of Exoplanet Orbits

/ ZHMT RS ik \ The eccentricity distributions for
a large (698) and homogeneous

Kepler planet sample with transit
duration statistics.
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The prevalence of circular orbits and
the common relation may imply that
the solar system as well as its T v

formation is not so atypical in the
Galaxy after all. Xie, et al. 2016, PNAS




New type of exoplanets: Hoptunes

Proceedings of the National AcademyofSciences of the United States of America WWW.PNas.org

From the Cover

E226 Diversification of cicada endosymbionts
245 Proactive versus reactive aggression

266 _Neptune-size cousins of hot Jupiters

349 DNA replication completion mechanism

January 9, 2018 | vol. 115 | no. 2

421 Genetics, experience, and birdsong learning

266  LAMOST telescope reveals that Neptunian cousins of
hot Jupiters are mostly single offspring of stars
that are rich in heavy elements
Subo Dong, Ji-Wei Xie, Ji-Lin Znhou, Zheng Zheng, and Ali Luo

Dong & Xie et al., 2018, PNAS,115, 266-271




LAMOST Quasar Survey

+ ldentified 56000 quasars

28000 independently discovered T
- 22500 new discovered S
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DR1: Al, Wu, Yang, et al., 2016, AJ, 151, 24
3921 quasars identified, 1180 new
DR2/DR3: Dong, Wu, Al, et al., 2018, AJ, 155, 189
19935 identified, 12126 independent, 8100 new
DR4/DR5: Yao, Wu, Al, et al., 2019, ApJsS, 240, 6
19246 identified, 11446 independent, 8149 new
DR6-DR8: Jin, Wu, Fu, et al., 2021, to be submitted
12761 identified, 7071 independent, 5380 new

 LAMOST quasar survey has become one of the top
3 quasar surveys, after SDSS & 2dF.



« 21 “face-change” QSOs
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Background QSOs in the
vicinity fields of M31/M33

n (degrees)

~4000 QSOs
~100 PNs

|, M33 structure;

2, 125-kpc stream (stream A);

3, stream C; 4, eastern arc (stream D);
5, giant stellar stream;

6, northwest minor-axis stream;

7, southwest cloud
(McConnachie et ai. 2009)
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Dust around M31

LAMOST + Gaia
190,000 stars

Reddening Map of MW
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Pair of galaxies

 LAMOST + SDSS

Mass function of pairs

Interaction of galaxies: 150 kpc

Feng et al. 2019, ApJ




Compact galaxies:
“extragalctic fruit & vegetable garden”

1417 new discovery (before 800)

739 green pea
270 blueberry
388 purple grape

l ,
(&L ) 63 / Liu, Luo et al., 2022, ApJ, 927, 57



 Riiew 2
Overview of the LAMOST survey in the first decade

Hongliang Yan,'- Haining Li,' Song Wang,' Weikai Zong,’ Haibo Yuan,’ Maosheng Xiang,* Yang Huang,” Jiwel Xie,"’ Subo Dong," Hallong Yuan,'
Shaolan Bi," Yaoquan Chu,” Xiangqun Cul,'""" Lical Deng,’ Jianning Fu,” Zhanwen Han,'* Jinliang Hou,”'* Guoping LI,"%"" Chao Liu,"*'* Jifeng Liu, '-'"
Xiaowei Liu,” Al Luo,"” Jianrong Shi,"” Xuebing Wu,"'" Haotong Zhang,' Gang Zhao, - and Yongheng Zhao'"*

*Correspondence

f 23 2021, Accepted: March 2, 2022, Pubiished Online: March B, 2022

y Authors. This 18 an open acoess artcle under the CC BY-NC-ND license (

GRAPHICAL ABSTRACT

PUBLIC SUMMARY
» LAMOST is an innovative telescope designed with both a large-aperture and a wide-FOV for astronomical spectroscopic survey
» LAMOST observed over 10 million objects in our Galaxy, and constructed the largest spectroscopic dataset

» LAMOST data changed the astrophysical viewpoint in the fields including stars, the Milky Way, exoplanets, and black holes

https://arxiv.org/abs/2203.14300
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Capability of LAMOST: AQ =247

Existing and planned multi-object spectroscopic projects

Table 1: Existing and planned multi-object spectroscopic capabilities, with defining characteristics. These include wavelength range,
field of view, etendue, the number of simultaneous spectra per field, the spectral resolution, the fraction of time the capability is in use,
the image quality, and the discovery efficiency (defined in the text)

Telescope/Instrument Dy Status Available A 2 AQ Nimes R f 1Q log 7
(m) (jem) (dcgz) (m* dcgz)

Ground-Based

AAT/AAOmega 39 Existing 1996 0.37-1.00 3.14 375 392 100017000 0.5 1.5 35
SDSS 25 Existing 2000 0.38-0.92 1.54 7.0 644) 1800 1.0 1.4 3.6
Keck/DEIMOS 10.0 Existing 2002 0.41-1.10 0.023 1.8 150 2500-5500 04 07 2.1
VLT/NVIMOS 8.2 Existing 2002 0.37-1.00 0.062 33 600 180-2500 02 08 29
VLT/FLAMES 8.2 Existing 2003 0.37-0.95 0.136 7.2 8-130 5600-25000 02 08 1.3-2.6
MMT Hectospec 6.5 Existing 2004 0.36-0.92 0.79 26.1 240-300 100040000 02 1.0 2.6-27
WIYN/Hydra 35 Existing 2005 0.37-1.00 0.79 7.5 90 800-40000 02 08 24
Magellan/IMACS 6.5 Existing 2008 0.36-1.00 0.16 53 400 1 100-16000 02 06 33
SDSS/APOGEE 25 Existing 2011 1.51-1.70 1.54 7.6 300 27000-31000 0.5 1.4 28
Subarw/FMOS 8.2 Existing 2012 0.8-1.8 0.20 10.4 400 600-2200 02 07 33
LAMOST' 4.0 Existing 2012 0.3740.90 19.6 247 @ 100010000 1.0 30 5.1
AAT/HEKMES 39 Existing 2013 4 windows 319 375 392 28000 0.5 15 36
Subarw/PFS 8.2 Planned 2017 0.38-1.30 1.1 70 2400 1900-4500 03 07 5.0
WHT/WEAVE 42 Planned 2018 0.37-1.00 3.14 41 ~ 1000 5000-20000 07 08 48
MayalVDESI 4.0 Planned 2018 0.36-1.05 7.1 89 3000-4800 0.5 1.5 5.1
VLTMOONS 8.2 Planned 2018 0.8-1.8 0.14 7.3 1000 4000-20000 03 08 33
VLTAMOST 4.1 Planned 2019 4 windows 30 40 1500 3000-20000 1.0 08 5.1
MSE 10.0 Planned 2021 0.37-1.30 1.5 118 3200 2000 1.0 07 6.0
0.37-1.00 3200.800 6500.20000 10 07 54
Space-Based
Gaia 2x(14x05)  Existing 2014 0.85-0.87 all sky survey (V < 17) 11500
Euclid 1.2 Planned 2020 1.10-2.00 0.55 0.62 250
WFIRST 1.5 Planned 2025: 1.10-2.00 0.5 0.89 75-320

T = Also known as the Guo Shou Jing Telescope (GSJT).  A. McConnachie, R.Murowinski, D. Salmon, D.Simons, P.Coté ¢, 2014, SPIE
66



LAMOST Il project

Site: Xinglong =» Lenghu

. . ] ; fhi{E: 0.76 (A#H)
Mirrors: MA24 MB37 Seeing: 0.76” median

e Limit mag.: 17.8m =» 19.3m | WE /R %

e Spectra: 10 M = 100 M
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