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A complex orchestration of VO tools
in discovery of unknown sky objects 
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Motivation

● Finding emission line stars in LAMOST DR1/2Finding emission line stars in LAMOST DR1/2

● Using Machine Learning of spectraUsing Machine Learning of spectra

● Method of Active Learning Method of Active Learning 

● Verify results visuallyVerify results visually

● Select interesting cases, remove bad onesSelect interesting cases, remove bad ones

● Get as much information as possibleGet as much information as possible

● Discover yet unknown candidatesDiscover yet unknown candidates



LAMOST (Guoshoujing) 

Xinglong- China
4m mirror (30 deg meridian)
4000  fibers



LAMOST Spectral Surveys 

DR1 (end 2013)      2 204 860  spectra
                                                   1 085 404 stars classified by pipeline 
DR2 ( beg 2015)     4 132 782 spectra

     3 779 674 stars
                                                   307 000 unknown !!!!! 

DR5  (half 2017)      9 017 844  spectra 
DR6  (half 2018)      +739 006 
                                +249 591 low res. 

     + 3 508 695 mid res.

Each Fiber – 2 motors
double arm 33mm circle  

Fibre collects light from 
3.3 arcsec circle on sky



  

Machine Learning – non VO

● Machine learning works only with ID of spectraMachine learning works only with ID of spectra

● Done in Jupyter notebook on cloudDone in Jupyter notebook on cloud

● Just a short interval around HJust a short interval around Hαα (main feature) (main feature)

● Result in simple CSV tableResult in simple CSV table

● For all candidates made plot in pdf -zoomed/full For all candidates made plot in pdf -zoomed/full 
+ basic metadata  - RA,DEC, Designation, Mag_r, class of emission



  

Results  
Number of SPECTRA (multiple exposures) 
 
4379   candidates    (from 4 mil )
58 bad – but still interesting – e.g. LAMOST HVS-1

3731  single peak
648    double peak  



  

  

Double peak

Single peak 



  

DACHS - SSAP



  

SPLAT-VO 



  

TOPCAT – Column Magic 



  

TOPCAT  - SAMP



  

Aladin- HIPS



  

Analysis



  

Analysis



  

Analysis



  

Results  

New objects – 664 in SIMBAD (Be, CV, Seyfert Gal...)

1013 (948 objects)  NEW , NOT known  

Visual check , XMATCH in VO, DSS2 , SDSS in Aladin

Most are correct   - ? physical origin (YSO, CV,  M, Novae)
Unreliable classification from LAMOST 1D pipeline (F, A/B) 

A lot of new Be stars 
Many SUPRISES  !!!
                       



  

Results – Interesting   

Supernovae ???

In DSS2 /SDSS there are galaxies in 
10arcsec around …...



  

Comparison with Other Method  

Integral pixel statistics on different intervals around Hα  

Hou (2016) DR2     - catalog of 11205  emission stars 
we have 2644  of them  - but 11k  not well justified ! 
(VO xmatch, SPLAT visualization ….)



  

Confusion in Unique  Identifcation   
 2 stars that are 24 arcsec apart
  
LAMOST J052402.81+334101.7 
LAMOST J052401.53+334120.9

2MASS J05240280+3341017
2MASS J05240153+3341210

Is it  the fiber light leakage ????
OR Nebula lines ??



  

Confusion in Unique  Identifcation   

LAMOST J034912.80+240820.0

is Pleione (5mag)   22 arcsec apart 

Ondrejov at MJD 56153

LAMOST  MJD 56295



  

Results – Unknown Bright Be star 

LAMOST

CCD700 OND

6.5 arcsec distant star 7 mag



  

Conclusions  

● Making the ML experiment based on VO technologyMaking the ML experiment based on VO technology

– Powerful tools to visualize

– Flexible table handling

– Massive Cross-matching  (CDS Xmatch)

– Multi – dimensional view of the same object

HIPS crucial

Interfacing with custom workfows ! 

– Interactive slideshow  

– Outlier/interesting object

●  detailed analysis – metadata, other data



  

DEMO 


