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LAMOST timeline:

« 2009.09 - 2011.06 First light and
commissioning phase

« 2011.09 —2012.06 Pilot survey

« 2012.09 - 2017.06 Phase-l Regular

survey (LRS)
Focallength |20 m « 2017.09 — 2018.06 Phase-Il Pilot
FoV 20 sq. deg. survey (MRS testing)
Sky cover. Dec > -10 deg. « 2018.09 — 2023.06 Phase-ll Regular
Num. of fibers 4000 survey (LRS & MRS)
Image quality  80% energy in 2" « 2023.09 - present Phase-lll Regular
Resolution 1800(LRS) / 7500(MRS) survey (LRS & MRS)

Wavelength 3700 — 9000 A (LRS) o
coverage 4950 — 5350 & 6300 — 6800 A (MRS)



LAMOST is a quasi-meridian reflecting Schmidt Telecope

LAMOST timeline:

« 2009.09 - 2011.06 First light and
commissioning phase

« 2011.09 —2012.06 Pilot survey

« 2012.09 - 2017.06 Phase-l Regular

survey (LRS)
FOC&[ length 20 m ¢ 201 7.09 - 201 8.06. Phase'" PilOt
FoV 20 sq. deg. survey (MRS testing)
Sky cover. Dec > -10 deg. » 2018.09 — 2023.06 Phase-Il Regular
Num. of fibers 4000 survey (LRS & MRS)
Image quality  80% energy in 2" « 2023.09 - present Phase-lll Regular
Resolution 1800(LRS) / 7500(MRS) survey (LRS & MRS)

Wavelength 3700 — 9000 A (LRS) o
coverage 4950 — 5350 & 6300 — 6800 A (MRS)



Internationally released DR11

The LAMOST spectroscopic survey footprint - LRS The LAMOST spectroscopic survey footprint - MRS
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11.93 Million LRS spectra 13.15 Million MRS spectra



Stellar parameter estimates
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Stellar parameter estimates
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IP: the first version

LAMOST Foundation Model
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Data-driven “law” from
line features (unsupervised!)

R~2000
Full optical range

“more is different”
SpecCLIP

GaiaXP Foundation Model
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Data-driven “law” from
multi-colors & local features
(unsupervised!)

R~30-50
Full optical range




SpecCLIP: the first version

Cross-modality prediction, increasing the mutual information between embeddings and spectra

LAMOST LRS spectrum

LRS pre-trained model: | (7070 XP-LRS
T f i cross decoder
ransirormer i R7%8 E*Cpred . (Ez(shared,))

with mask modeling LRS embedding | | LRS—XP
i cross decoder

Lpredz (E1 (sharedl)) |

Projection

LRS decoder i
i ]R768

i L cip (E1 (shared, ), E; (shared,))

R768

Different CLIP:

Modell: without decoders, original CLIP model — “CLIP”,
Model2: with only cross decoders for prediction — “CLIP-p”,
Model3: with all decoders, implicitly contains the shared and non-shared space in the embedding — “CLIP-pr”,

Model4: Explicitly split into shared and non-shared space in the embedding — “CLIP-split™.

Gaia XP spectrum
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XP pre-trained model:
1. Auto-encoders with MLP
2. Transformer with mask modeling

CLIP with contrastive loss:
“maximize the similarity between
positive pairs and minimize it
between negative pairs”

CLIP (Radford et al. 2021)
AstroCLIP (Parker et al. 2023)




SpecCLIP: One-sentence summary!

v' Self-supervised learning to summarize empirical
relationships/correlations from large spectral datasets

SpecCLIP is a foundation model designed to
align stellar spectra across different
modalities using the CLIP-like algorithm.

v" Robust and informative embeddings for down-stream tasks
v" Transform between different modalities



[Fe/H] Estimation: Plateau bias is eliminated

(Template matching)

LAMOST versus DESI
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Extremely excellent scalability: zero-shot on DESI DR1
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Sp IP: A foundation model for stellar spectral analysis

Extinction Map: bin_1000

ET area reddening
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SpecCLIP: A foundation model for stellar spectral analysis
XS Zhao, Y Huang* et al. arXiv: 2507.01939

LAMOST LRS Spectra Gaia XP Spectra

Model size 43 Million 43 Million

® Atmospheric parameters (including RV)

® Elements abundance ratios (10) ® Atmospheric parameters
® Asteroseismology parameters (for giant ® Elements abundance ratios (3)
Downstream tasks .
stars only) ® Reddening
® Reddening o ..
o .
Value-added catalog 7 Million (for spectra with SNR>20) >200 million

® Robust and efficient for different kinds of ~ FrlE srd) A e e G e
downstream tasks

Performances ® The speed of RV estimation even quicker E;‘cifl:;fogr:ji':::‘"cza;?
than CCF P

EMP/UMP ([Fe/H] < -4.0)



Apply SpecCLIP to LAMOST+SPHEREX

Th3e infrared bands indeed carry some information about metallicit)Ol!

Flux/Ref. Flux

< e <
N N [ore]
Transmission

e
[}

S
<

Flux/Ref. Flux

Metal-rich
W2

< < i
IS o)} [o%e)
Transmission

o
o

0.0

25000 30000 35000
A / Angstrom

40000

45000

50000

55000

Figure 1. The sensitivity of WISE to stellar metallicity: Ratios of MARCS models with infrared bandpasses overplotted normalized at A = 35000 A. The
reference model has e = 3500K, log g = Odex, and [M/H] = Odex. The green and purple lines show models with [M/H] = —1dex and [M/H] = 1 dex,
and blue and red lines 7o = 3200 K and 7.¢r = 4000 K. Note the strong gradients in W2 due to the CO feature. The effects of temperature and metallicity

variations in W2 can be distinguished using the bluer ZMASS bands.

Fallows et al. 2022



Apply SpecCLIP to LAMOST+SPHEREX

A more accurate flux calibration is required!
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Apply SpecCLIP to LAMOST+SPHEREX
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Apply SpecCLIP to LAMOST+SPHEREX

A more accurate flux calibration is required!
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Apply SpecCLIP to LAMOST+SPHEREX

Aetd- A carbon-rich metal-poor
star candidate in LMC
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A pipeline to identify emission line objects from LAMOST
—{ P
—

LAMOST DR9
spectrum data
[ Line fit ] [ Line fit ] O ]
parameters errors PR

¢ Line table (—J
Normalization & window ! v
laspec.normalization| '
‘ Emission line }—'\4 —>
¢ ! Lines,

A.‘ i emission
Normalized spectra  -----------f----------- - . Y omeeeeeees !

L

Point @ exist, Check

___________ SR value > 3sigma? absorption
Segmentation
{
! ! Lines, Lines
Segmented spectra ) ; L > 1-sigma error \|absorption + N | merged
@ certain WVL along WVL

Emission line
objects catalog

Li, Huang et al. In prep.



A pipeline to identify emission line objects from LAMOST

The catalog was extracted from v1.0
catalog with the following criteria:

Ha 6564 emission == true;
Ha 6564 EW > 0; bad_data == false;
high_redshift == false

A total of 241,618 sources were extracted.

T A,
A — —
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Sky coverage of H-alpha emission catalog_

Li, Huang et al. In prep.



A pipeline to identify emission line objects from LAMOST

Sll forbidden lines (6716/6731) near the galactic anti-center
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Great Orion
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Lower's SNR G180.0-
Nebula 01.7




A pipeline to identify emission line objects from LAMOST

Time-domain monitoring

* A dynamic universe has
various manifestations.
Variations in the spectra of
diverse objects are embedded
In it.

* As a showcase, we
demonstrate that the catalog is
capable of tracking the
changing of H-alpha EW.
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A showcase of a Be star with a time-changing H-alpha EW
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Systematic studying emission line objects with LAMOST+SPHEREX
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Systematic studying emission line objects with LAMOST+SPHEREX
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