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DON'T WE KNOW?

AYAAAS
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Astronomy
SARES DM BRIFENSER R ERIG?
How many dimensions are there in space? Is Einstein's general theory of relativity
SR E RN comrecty
Whatis the shape of the universe? FRE R AR A

»
- How are pulsars formed?
Where did the big bang start? BAMRTREHIG?

A ATEMMERRAF S ENEEE?
Why don't the orbits of planets decay and
cause them to crash into each other?
FRAMHT? ERGEMKT?

When will the universe die? Will it continue to
expand?
RINEFREES— M ER LRIREL?

Is it possible to live on another

Is our Milky Way Galaxy special?
REEMEONE, BRNELRITA?

What is the volume, composition, and
significance of the deep biosphere?

AEA-RETBREFEHO(ERRER
BIEE)?

Will humans one day have to leave the planet
(or die trying)?

planet?

At AR
Why do black holes exist?

FRRH LM

What s the universe made of?

RANR FEFHE— £ B2

Are we alone in the universe?
FHELNERRHA?

What s the origin of cosmic rays?
HRMERR LY

Whatis the origin of mass?
HEMRNRERSD?

What is the smallest scale of space-time?
ARFHPHAERALBHA, ER 33K
£@7

Is water necessary for all life in the universe,
or just on Eart
RAABIETAZ B TRERA

What s preventing humans from carrying out
deep-space exploration?

FHPHET

Where do the heavy elements in the universe
come from?

AU TREBERRMEEG?

Is it possible to understand the structure of
compact stars and matter?
BEFEPRTORERTA?

What is the origin of high-energy cosmic
neutrinos?

HaREH?

What is gravity?
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Penetrates Earth's
Rimoehere? \ \
Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
0.5x10° 1078 fa a0

Wavelength (m)  10°

Approximate Scale
of Wavelength

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms

Atomic Nuclei

Frequency (Hz)

104 108 102 115 e 1918 10'8 10%°
Temperature of
objects at which

this radiation is the

Tuiet oS 1K 100 K 10,000 K 10,000,000 K
WaveICHOYr et —272°C  -173°C  9,727°C ~10,000,000 °C

)

The Gravitational Wave Spectrum

Quantum fluctuations in early universe

Binary Supermassive Black
Holes in galactic nuclei

(%]
(]
8 Compact Binaries in our
S ) Galaxy & beyond
o <
(9p] Compact objects
captured by Rotating NS,
Supermassive Black Supernovae
Holes ) ,
wave period age of
p years hours sec ms

universe
|
[ [ |

log(frequency) -16 -14 -12 -10 -8 -6 -4 -2 0 +2
—> —> <+ > < >
Cosmic microwave Pulsar Timing Space Terrestrial

Interferometers  interferometers

background

polarization

Detectors

AXFE—JEFRNNEZFR
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e SDSS o SKA  FUSE e XMM - e Fermi
« 2dF e VLA « GALEX Newton  Swift
« RAVE « FAST « CSST * Rosat X « CGRO
« 2MASS * Chadra « INTEGRAL
« UKIDSS « HXT « HESS
« WISE * EP « Cos-B
e Pan-STARRS « SVOM
« GAIA

e« ELT

e LSST

« LAMOST

DESI






A\ AW “K” 2ERMT=

NAOC
N?(;l\-}&)M Flux
Sky Survey Projects Data Volume Wavelength -
DPOSS (The Palomar Digital Sky Survey) 3TB Surf. brightness
Contrast
2MASS (The Two Micron All-Sky Survey) 10 TB - Dec
GBT (Green Bank Telescope) 20 PB Polarization Variability
GALEX (The Galaxy Evolution Explorer) 30 TB parallax :rphonogy
SDSS (The Sloan Digital Sky Survey) 40 TB V‘i;*:g;‘y Proper parameters
SkyMapper Southern Sky Survey 500 TB
Timescale

PanSTARRS (The Panoramic Survey tminute thow iy fmonth
Telescope and Rapid Response System) ~ 40 PB expected T
LSST (The Large Synoptic Survey P g
Telescope) ~ 200 PB expected T T e | 2
SKA (The Square Kilometer Array) ~ 4.6 EB expected /' ‘ .2

1PB/week |  HBREE |3
FAST 1EB / 19years Novae|
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Teff = 3900K logg = 4.25
e L

[Fe/H] = 0.0

The Evolution of Infrared Space Telescopes

0°[

t |rR = 1667 ”WWWWWWM

C Wi

c [H s _

F i
0° O iy
0° i L0
s E
of ; . . ! . ! . .
2000 4000 6000 8000 10000

Wavelength

Activity

B Cephel '

A
" \
N, L\fﬂ"\«'\\/\\v A (/A‘/ \/
y

WISE W2 4.6 pum

Spitzer/IRAC 8.6 pm

JWST/MIRI 7.7 um

Vertical abundance (top) and

isotope ratio (bot...

Physical parameters. gas

number density (n

f’ﬁ"
—

— B

[

Abundance (a) and carbon

isotope ratio (b) for ...

BH spin vs. Eddington fraction
(left) and hardn...
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LSST

05-Mar-2024
30-May-2024
01-Jul-2024
04-Jul-2024
29-Aug-2024
12-Dec-2024
27-Jan-2025
23-May-2025
23-May-2025

COMP: Camera Pre-Ship Review at SLAC
ComCam Reinstalled on TMA

Dome Complete

3-Mirror Optical System Ready for Testing
Camera Ready for Full System AI&T
LSSTCam Ready for On Sky (First Photon)
System First Light with LSSTCam

Test report: Final Pipelines Delivery

COMP: Science Validation Surveys Complete

30-May-2025

Operation Readiness Review Complete

® LSSTIK KM EZ 1M, MIH10°FE T, & KZ4120TBI R 5%
® L HEMIEIT#1TZ120,000° /7, MBEGET5005K, JHEIGEHE S E2°H60 PB, FEE =4 —4~20 PBH £

® (hHE M A =R IA B2 HPB, $2iT1EB
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» RXFHWAREZHENEHRRNTSFHIFHE, FR3IDE
FAREESN, WEEEARMBFTIIIRMFAIEL.

» AREXMESFRAFHRZR BRI A RNERS .

() (E75BE) (£ )
LSST 8.4 9.6
ZTF

20000 3-4 K

3122 47 30000 ~3K

WFST 2.5 6.5 20000 RAE
Mephisto 1.6 3.1 26000 ~2f8

> BARBERS, $ABEHETARNREARK. RES,
ERHRRHECR AT
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I | !
- . - - - - I
Reduction ! Calibration ' Spectral Analysis !
| ! ) o :
Tracing fibers & extracting ., Wavelength calibration with ! Lo_oklng for the bestfitin a !
spectra . spectra of Arc lamps 1 grid of template spectra : T T T
pres . I 2011 10?]4. Spec—55859-F5909 sp10-223.fits (v2.9.7) 1
I Vol ol ST & ! ]
i X 0 |{ ]l(\, “{, Mg 01 Nisn Call | 1 8 In _
] | i | ; | I MRS RED 1
. 1 . oo ! - . + 1
= i ! ) 1! i ‘ i
: hey 1 Ie :
- | ! T 10| b -
1000 : 1 ) L ]
! | 200 f~ ““‘Wy‘m;‘ | | i
= T T i 1 . K \ .
e : : i el L rzaoo [
physical ceordinates 1 A i L L i -
. I 4000 5000 00g o T 5000 s000 | & i
! | sm 0B ot m. w00 NG {y  galayz~00004 I
! . ra - 79.23539, dec ~ 26.16368 sr:._r— 85.0 . : i : T
, | e s e emeers ! 3 5T P
: ; 1 - E ; ’ 1
! - Stellar parameters usingTGM ;& | ——whitedvarl___ I8
1 H . - - y
e et ek e e ek e e s s s s e s e b ks s e s e e h s s s e s e s = s e s - |nterpo|ator @

: c X . . . | ! £ 4 .
Modellng the night sky & ' Flux calibration with standard © ObS(Y) = Py(d) x [TGM(Tar.log g, [Fe/H). N @ C(vam )] | S [ L. 1
subtracting background : ! stars (parameters are known) : , ! e ———

T 4 : . e s st s mommger | ! 3 SESNR A-Type =
0o - 2 | 1 0s s . | —7 e
| . - | o _d ! L 1
" i ' I =05 BN ! I ]
P : j£0 I VSR I 24~ 3
P o o o ol 1 | . 30 17 10 6 4 0 1 2 3 4 5 30 17 10 6 4 . | ]
T e | ‘ I /m/\ g, | log(T,z 10°K) log(g. cm/s?) log(Tz 10°K) 1 ] i
e ey VA G e SO . f ]
_ - e e L s . g - 0 O | I 1 - .
Co-adding multiple exposures & ' " /""\/(\ 0 ; 1 1 1 : : :
connecting wavelength bands A A - | i 4000 5000 6000 7000 8000 9000
- g | 3 -5 al . —— i Wavelength (angstroms)

Relative flux
L. ske

Wavelength (Angstrom) " Wavelength (Angstrom)
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FIFE

Method

Accuracy Interpretability = Simplicity —Speed

Naive Bayes classifier
Mixture Bayes classifier

Kernel discriminant analysis

Neural networks
Logistic regression

Support vector machines: linear
Support vector machines: kernelized

K -nearest-neighbor
Decision trees
Random forests
Boosting

ol ie e sl ol o life il e sl ol
il ol S Il Wl asliia
pialie sl sl B e il e sl o lla o

FERERECXRRERR™E

AN EREFIE

Method

General Characteristics

Partitioning
methods

— Find mutually exclusive clusters of spherical shape

— Distance-based

— May use mean or medoid (etc.) to represent cluster center
— Effective for small- to medium-size data sets

Hierarchical
methods

— Clustering is a hierarchical decomposition (i.e., multiple levels)

— Cannot correct erroneous merges or splits

— May incorporate other techniques like microclustering or
consider object “linkages”

Density-based
methods

— Can find arbitrarily shaped clusters

— Clusters are dense regions of objects in space that are
separated by low-density regions

— Cluster density: Each point must have a minimum number of
points within its “neighborhood”

— May filter out outliers

Grid-based
methods

— Use a multiresolution grid data structure
— Fast processing time (typically independent of the number of
data objects, yet dependent on grid size)
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) BTRIEZRILE (CNN ) SEISFINEEIE

1kx 1k HFH  FREbERE
IMANEE M TT, 10 X101 5 3 357 By
100MMBUE BUEHRZE  FBAE

1k x 1k B &dEs:
1M R ZE M T6=107 128U

. J

R R R, T RS

J

picture

By YJango

input

hidden

output

BT CNNIJIRFE 22 ST N 245 L 35 24 1A AlexNet, 3513 ImageNet KFE20125cE 4 [l VR o # 28 X 2% 1) J= B0 e =1

1, AR TR BETH SR AR BE RN <5 (e, AEASAE R I ZR ) IR EE R I . BEZ B 7 R 2 I 28 S L IR BB 2 R B

s E R, WM ONTERZE M 4% Residual Network(ResNet).




el CNNBY “FJll5+ 858" S

> J73 1 PR BT % 0 VIR R I R
i 2 5] B RAE, LTS ORI AT 25

(2. 7p#ElL HEsksg) .

> Jral: EEZSEH RERY KEEILRE

Convolutional layers Classification
FREAKEGRIE, BT THREELE w0 100
FEFERIFEA, WIS+ r7E . a ‘ N

> EOWHGRIEGRT, BMORNGHES = = (H N7l

MR, (EBERTIORNEB o | ] ool (B3 \(8, ge
AR T At D2 ) 2. TR e - NSl o
S, A2 GECNNABERLTE U BARAE S SR 2 Bl L3 F RN
STE KRB EUBAE 5 B A BT BRI D s N
2 (fMmageNet 7> BAL S HIRELEE) - RIG M?eﬁms Eriitti 15%1:1@5 127 %127 e o
55 F I SR I CNNA E T 464k Backbone,  JF:

W hn— S 55 e PR P, SEAE T i
55 IR (nBackbone+ 4> i R: 2y
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Bir : EFREZIRNEERITE He et al. 2021 MNRAS

iR 78k (SDSS) A ADRI16RAS il >s BG Hods, o0&k B4 1,630,817 x 5
5K . ACSST— AN B 3R 4 2 B ATRR

QSOs

Stars

+ Ele »

Galaxies

Stri ully
Connected
_
Noise Reshape Conv+Relu Conv+Relu Y
(Stride=1) UpSampling+ Fake Di
c o background
i1 image
Fully (Stride=1)
d
J
'
eeeeeeeee .

GANM 2% 2E il )l 25 EAE L 25 10,0005K




) —MVEIBVBICNNEUS DR BIF

Bir : EFREZIRNEERITE He et al. 2021 MNRAS

Input Output

=

™ CSPDarkNet-53 SPP

:

YOLO

BUETYOLO v4, 527 B Antail i 45

BEALEHXSDSS I 4953805, HH1SDSSHEENiN916591 H bx, AT
WX 261551192852 H bR, A7 B 1R ZE 21 N0.87 A F)
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— /N HEBRICNNEGE D HEIF

H¥x He et al. 2021 MNRAS

TREFINNCEFRTE

Channel

Galaxy

Spatlal
Illpllt ﬁtennlon Attentlon
4 X 80 X 80) Odu © Module
32(80x80) / 64(80x80) 64(40x40) 64(40x40)
Conv / 1 Conv Max Conv
(Relut (Relut Poolin (Relut+
Dropout) Dropout) ] Dropout) L
Prediction
256(10x10) 256(10x10) 256(20x20) 128(20x20) 128(20x20) 128(40x40) QllilSil]' Star GillilX)" Recall
Conv Max Conv ! Conv . Max « | Conv ) = Quasar 1894 86 20 96.6%
(Relu+ . (Relu+ (Relu+ . (Relu+ = , - ~ o
Dropout) POOhng Dropout) Dropout) POOhng Dropout) E S Lar J ] l ()4 7 - 9 5 . 7 i
Galaxy 15 1 1984 98.9%
Channel Spatlal v
Attention Attennon 12800 .. , .
Module Module Precision  94.7% 97.4Y 99.2%
512(10x10 512(5%5 512(5%5
-y -y W ro.msa,
Conv Max | — | Conv ® I Star ﬁK‘ )I;EE 53 g‘l:/*\‘
(Relu+ Poolin (Relu+ Relu+ [ Relut X =1
Dropout) g Dropout) Dropout [{| Dropout
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1
390 400

KITT PEAK SOLAR FLUX ATLAS (KURUCZ, FURENLID, BRAULT, AND TESTERMAN 1984)
P = CA Ey IR A . - =
A i ‘ kil | Ll ‘ GlLA
360 310 st 330 340 M) 360 370 T
i " Vi i T N T
i | (
H | |
H I \ |
H 0 !

770

1cra nifRaREn TRIPLET |

log g (dex)

log g (dex)

[Fe/H] (dex)
R A

[Fe/H] (dex)
oL

Ty (K)

ST

I

RGN

990 1000

Theoretical (Synthetic):
Kurucz MARCS PHOENIX

Empirical :
ELODIE MILES CFLIB STELIB
Apogee Mastar LAMOST
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g £l S/inElin B SE(0])3

INpPuLs
|nput Teff LOg g [FE/H] [a/Fe]

A A T

17 [0 ¥ [

Teff Logg [FeH] [a/Fe]
Outputs Output
Bailer-Jones et al.1997 ]SANNE _IE_)_afOn:Ee Ietzaol.] 501 6
Manteiga et al. 2010 ayne: ling et al.

GSN: Wang et al.2019




) Yo HEpksE (GSN )

Inputs
Teff Logg [FeH] [a/Fe]

FRREE :

Lol o

5
6
12000 10000

« KigFWHM: 3.04 A
o ZTigFWHM: 4.75 A

PHOENIX model spectra

Teff [FeH]

Variable Range Step size

Tes [K] 2300-7000 100

7000-12 000 200

log g 0.0—+6.0 0.5

[Fe/H] -4.0--2.0 1.0

-2.0-+1.0 0.5

[a/Fe] —0.2—+1.2 0.2

(Husser et al. 2013)



el MIRYGREREESHITMCOREFER,

DI Er{E1t (Bayesian)

LE—FFPIEE, ASHZEEIMCEAEL000K:

Tesr ~ U(Tegorasp - 3*CI refrrasp Lefrorasp T 31 e rasp)s
log g ~ U(log g_rAsp— 3*err logg LASP, log g LASP+ 3*err log g LASP), oosf
[Fe/H] ~ U([Fe/H]_Lasp -3*err_[Fe/H)_LAsP, [Fe/H] Lasp +3*err [Fe/H) LASP), % oost
04.04 0.;)5 04.06 007
004F Fe/H, dex
0, O0<[Fe/H] asof—+
[0/Fe] ~U(u-0.3,n+0.3) IXE , pu= 0.2, -1<[Fe/H]<0 anf _
0.4, [Fe/H]<-1 G o 1%
g 1%
| FED 435 438
B Logg, env's® ’
438F
L 2s0f .
P(S | AP)P (AP | ]
P(AP | S) = (5 | AP)P(AP) | _
P(S) £ I8
— £,(4P) x P,(1) - 2 R s N g
5690 5680 5670 5660 5650 5640

:u pixerr )

Teff, K

O .

I

P(AP) AEESHHITIA |

A, b
P(S | AP) — e—a’/Z’ d = Z(O S,
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LAMOST DR5 & X APOGEE DR14:

Hit: 81,131

REUTHRE: 22,564

« STARFLAG, ASPCAPFLAG

« APOGEEEZXRT., log g, [Fe/H],
[a/Fe] #-9999

« S/Ng>=30

LAMOST DR5 XX GCS (Casagrande et
al.2011) :
$#it+: 553
RFEUTHRME: 356
« GCS parameters
(Terr log g, [Fe/H], [a/Fe]) k=
« S/N>=30

10|  APOGEE
N=22564

Teff(K)

5500 5250 5000 4750 4500 4250 4000 3750 3500

Teff(K)

4000 4500 5000 5500

40
35
3.0
§ 25
120

§1s

1.0

05|
0.0

00 02 04

0

1 2 3

05

Teff APOGEE logg_ APOGEE [Fe/H]_APOGEE [aFe] APOGEE
20 20
25 25
Gcs GSN
a0l Nease a0l N=3%6
o . - ® o
835 i, : g3 .
. ol 0 ® o L o L0 .- .
4.0 Y 40| - ‘_‘l-._n FLAHIr O ).:s-'._f ofle'e
PG AL I
45 45 AN
5077000 6500 6000 5500 5000 4500 5077000 6500 6000 5500 5000 4500
Teff(K) Teff(K)
7500 50 bk
u=9.65 - 4y
7000 510951 f 4% 4
6500 - f{' - 240 z 02
% 6000 o 3
o, - %35 5 00
&' 5500 L B &
i 4 X3
so00| & 30 _ L
4500 25 ; .
4000/ 20k -1.00[" 04
4000 5000 6000 7000 0 3 ) -10 05 00 05 10 0402 00 02 04

Teff_ GCS

logg_GCS

[Fe/M]_GCS

[alFe] GCS
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FlFTransformer FiAHER RSYWEE BT R4ERE (T4040) JERBHIER (A) B
2. NGiER|SH. FAMCMCHITEZSE (T40) &

A

---------------------------------
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