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Motivation

Finding emission line stars in LAMOST DR1/2
Using Machine Learning of spectra

Method of Active Learning

Verify results visually

Select interesting cases, remove bad ones
Get as much information as possible
Discover yet unknown candidates



LAMOST (Guoshoujing)
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LAMOST Spectral Surveys

DR1 (end 2013) spectra
1 085 404 stars classified by pipeline
DR2 ( beg 2015) spectra

3779 674 stars

DR5 (half 2017) 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 spectra

Done Iin Jupyter notebook on cloud
Just a short interval around Ha (main feature)
Result In simple CSV table

~or 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




Single peak

Double peak




DACHS - SSAP

e LAMOSTDR2 S pectralWeblinterfacel-IMozillalEirefox
File Edit View History Bookmarks Tools Help

14 Home LAMOS & Goco A\ Pro £f7 Hou @ Juiic A Begin G acti Webma Ondrejc LAM

& ! @ (i) cas.cz 80% e @ & Search
£} Most Visited @ Getting Started
v

Canch Virtuml Observatary

LAMOST DR2 Spectra Web Interface

Help
Parameters

Service info _ _
¢ Location: BT CMi

Related « Search radius for Location: 5.0
LAMOST DR2
SSAP

Result
Metadata

Identifier Matched: 42

ivo://asu.cas.cz/lamost_dr:
Send via SAMP Quick Plot

Cite this
Advice on citing this resout  Band start Band end Product key Location Aperture Date Obs.
[Angstrom] [Angstrom)] [deg] [deg]

Description

LAMOST DR2 public web it

Keywords Positi ICRS
LAMOST . osition

3699.99 9074.03 image/fits J075703.80+025653 6 119.2658400025 0.000916667 2013-01-23T14:58:542
Creator 2.9482255019

Spec-56316-

GAC118N03V1 sp08-056.fits

Optical spectrascopy

Created

2011-03-01T10:57:00

Data updated Position ICRS

s application/x- LAMOST o
2018-11-23 3699.99 9074.03 votable+xm| JO75703.80+025653.6 llggggg;gggig 0.000916667 2013-01-23T14:58:547

Reference URL

Service info spec-56316-
GAC118N03V1 sp08-056.vot

Position ICRS
3699.99 9074.03 Spec-56316- image/fits LAMOST 119.2889099991 0.000916667 2013-01-23T14:58:547

Try ADOL to query our GAC118NO3V1_sp08-079.fits JO75708.33+030041.9 2 0116545024

data. ———
= E Q@ T EE707 cpu memp8 days tg




SPLAT-VO

StarlinkiSPIATN O:FATS pectrallAnalysisilool

File Edit View Options Operations |Interop  Help
=l Sllcem 4 A
@ @ T DESCORE wg: @ E i "--&SAMP control
Global list of spectra: 1| Propertie

. cZfgetproduct/lamost_dr I

Short
..getproduct/lamost_dr2/d N

Full na r2/data/fits/VBO56M24V1/spec-56295-VB056N24V1_sp08-031.vot

..getproduct/lamost_dr2/d
getp / -dr2f Forn Broadcast table

...getproduct/lamost_dr2/d

...getproduct/lamost_dr2/d

....czfgetproduct/lamost_dr

..getproduct/lamost_dr2/d

....czfgetproduct/lamost_dr Data ty Send spectrum as VOTable to... ¥ Aladin

...getproduct/lamost_dr2/d

....czfgetproduct/lamost_dr Coli

..getproduct/lamost_dr2/d

....cz/getproduct/lamost_dr Compos Handle table.load.votable as Spectra

..getproduct/ilamost_dr2/d . Open SAMP Coords in SSAP window
Line ty ; .

...czfgetproduct/lamost_dr Open SAMP Coords in ObsCore window

...czfgetproduct/lamost_dr Line width: [1 [« [Style:[line =

....czfgetproduct/lamost_dr .

....cz/getproduct/lamost_dr Point type: |dot v |Size:|5.0 |~

...getproduct/lamost_dr2/d

...getproduct/lamost_dr2/d

....CZ{getproduct/lamost_dr

..getproduct/lamost_dr2/d Wiew Displayed

...as.cz/getproduct/lamost,

...cz/getproduct/lamost_dr

...as.czfgetproduct/lamost,

...czfgetproduct/lamost_dr

...as.czfgetproduct/lamost,

StarTable 26

Memory spectrum

Memory spectrum

Memory spectrum

Memory spectrum

StarTable 27

StarTable 28

Send spectrum as FITS table to...
Colum

Broadcast table

Same window for SAMP spectra topcat
--- overwrite spectra

Error bars: H (1|~|1 |+
Views of current spectra:




TOPCAT - Column Magic

TOPGAT(2):

Window Columns Display

+ @ :

Table Columns for 2: candidates_HOU2016.csv
@ Index | Wisible Name $ID

Index $0

LAMOST filename $1

LAMOST designation | 2

LAMOST RA $3

LAMOST DEC

LAMOST subclass

mag_r

class_by ADL

access_url

accref

SIMBAD id

SIMBAD _main_type

SIMBAD sp_type

Hou_designation

Hou_RA

Hou DEC

Hou_Halpha_type

Hou_objtype

pdfname

Help

@ X

Class
Long
string
string
Double
Double
string
Float
string
string
String
string
string
String
string
Double
Double
string
string
String

Expression

o0 |~ |o |un | 2w o (o
dfon|un || w e =

(%]

052 asu.cas.czfgetproduct/lamost_dr2/datafits/"+ matchGroup(LAMOST filename, "spec-*-(.*)_*") + "/"+matchGroup(LAMOST filename,"(. *) fits")...

[
v
[
[
v
[
[
v
[
[
v
[
[
v
[
[
v
[

"fhome/skoda/LAMOST/KANDIDATI-11-201 8/FINAL" + "previews/"+ matchGroup (LAMOST filename, "(. #).fits")+". pdf*

TOPCAT(2):

Window Rows Help

=& B X

Table Browser for 2: candidates_HOU2016.csv

LulleaT filename
_spll-122.fits
V3_spll-122.fits
02v4 _spll-122.fits
-55930- EISS 93002_spl3-071.fits
-55880 B8004_1 _spl3-068.fits
03_1_spls-185.fits
93103_spl6-185.fits
sp08-065.fits
_sp08-065.fits
_sp08-065.fits
C /4 sp05-019.fits
0-GAC_101N09 W2 spl1-001.fits
: NO4 V1 spl4-068.fits
V3_spl2-232.fits
29MN4116
71 HD2’-€142 N43415
5310-GACL10SN24V2_sp07-010.fits
-56688-GAC106N20V1_spl2-148.fits
-55876-GAC_089N28_Bl_sp04-028.fits
911- uC _082N27_Bl_spl2-053 fits
/2_sp05-070.fits
_sp05-070.fits

wra =

o U s

(el [++] BN ]

ol
(= [=]

—
%

: 2,644 Visible: 2,644 Selected: 1

8V01_spl5-22...
1 sp02-13..,

LAMOST_designation
LAMOST J052941.18+ 04532

LAMOST J0652841.18+ 045323,

LAMOST J062841.18+ 04532

LAMOST JO30027.254+ 540007,
LAMOST JO30027.66+ 540005,
LAMOST JO33851.13+515341.,
LAMOST JO33851.13+4+515341,

LAMOST JO42556.19+41 4¢
LAMOST JO42556.19+41 4¢
LAMOST JO42556.19+41 4¢

7
L
LAMOST JO064405.81+114902,
4405.81+114802,

LAMOST |

LAMOST | 209.83+05021

LAMOST J063209.83+ 05021 3.
LAMOST J230711.62+415504.7
LAMOST J230711.62+415504.7
9.51+222110.

LAMOST JO70
LAMOST JO70639.51+222110.
LAMOST JO55517.56+29203
LAMOST JO55517.56+29203
LAMOST JO70010.15+23171

Lul\-'quTJOJ 0010 15+z -ﬁlxl-.

LAMOST _RA
97.
97.

42161
42161

7. 42161

45,
45,
54,
54,
. 48415
. 48415
. 48415
.02421
.02421
. 04098
. 04098
. 79845
. 79845
. 66464
. 66464

1153

11529
71307
71307

LAMOST D...

. 88998
. 88998
. 88998
.00142
.00142
. 89479
. 89479
.81883
.81883
.81883
. 81736
. 81736
5.03705
5.03705
91799
91799
2, 35285
. 35285
. 34344
. 34344
. 28866
. 28866

SIMBAD_id
TYC 141-2-1
YC 141-2-1
YC 141-2-1
EM* GGA 221

YC 3224-2282-1

YC 3224-2282-1
TYC 1357-740-1
T¥C 1357-740-1

LAMOST JO55517.56+292036
LAMOST JO55517.56+292036.

9751

access_url

.cz/getproduct

.czlg etproduct_-"lamost:dr2
.cz/getproduct/lamost_dr2,

.cz/getproduct

.czlg etproduct_-"lamost:dr2
.cz/getproduct/lamost_dr2,

.czfgetproduct/ lamost_ _dr2/,
.cz/getproduct/lamost_dr2/,
.cz/getproduct/lamost_dr2,

as.cz/getproduct/lamost_dr2

as.cz/getproduct/ qmost:drz. L

pdfname
Jskoda/LAMOST/KANDIDATI-1|~
Jskoda/LAMOST/KANDIDATI-1
: ANDIDATI-1
ANDIDATI-1
ANDIDATI-1
/ ANDIDATI-1
Jskoda/LAMOST/KANDIDATI-1
Jskoda/LAMOST/KANDIDATI-1
: LAMOST/KANDIDATI-1
LAMOST/KANDIDATI-1
LAMOST/KANDIDATI-1
LAMOST/KANDIDATI-1
LAMOST/KANDIDATI-1
LAMOST/KANDIDATI-1
LAMOST/KANDIDATI-1
JLAMOST/KANDIDATI-1
/ Jskoda/LAMOST/KANDIDATI-1
/home/skoda/LAMOST/KANDIDATI-1
/home/skoda/LAMOST/KANDIDATI-1
fhome/skoda/LAMOST/KANDIDATI-1
/home/skoda/LAMOST/KANDIDATI-1
home skodc‘ LuMO T"KuI‘JDID.i\.TI-l -
[

/skoda/LAMOS
Jskoda/LAMOST,




TOPCAT - SAMP

MOPCAT(2): MO P.CAT(2):

Window Actions Help Window Actions Help
* 0T 7 H oo s i@ @] X * 0 T 7 B dn b i@ @] X

Activation Actions for 2: candidates HOU2016.csv Activation Actions for 2: candidates HOU2016.csv

rActions Description rActions rDescription
[E:—:ecutes a command in an Operating System shell Use Sky Coordinates in Send the content of a file or URL column as a Spectrum to an external

-Configuration application using SAMP

Command: xpdf rConfiguration

Arg #1: "-remote my"

Display image region Arg #2: [pdfname

Load Table Arg #3:

Plot Table Arg #4:

Send FITS Image

Use Sky Coordinates in

Send Sky Coordinates Send Sky Coordinates

Display image Display image Spectrum Location: access_url
Display image region

Load Table Spectrum Viewer: |splat
Plot Table

Send FITS Image
Send Spectrum Send Spectrum
Display Cutout Image Display Cutout Image

View in Web Browser View in Web Browser

v|Run system command ¥|Run system command

-
-
-
-
-
*
-
*
-+
*
-
*
*
*
*
*
*
*
*
-
*
-
-
b
-
-
-
-

A g g g g e o g g g g gy

Synchronous [v] Capture Output

rStatus

4; Invoke now on row 11 rStatus

fR;suIts 4; Invoke now on row 18

5 it

T T T TS T TS S TS S e T T T T T T T O T T TS R TS ey - rResults

Status Message

A i 1 T T ST ST
FAIL Error response from splat: Spectrum load failed
Synchronous call timeout
] Successfully sent to splat




File Edit

ADSS RSDSS g 2MASS g WISE § GALEX gPLANCK gAKARI g XMM gFermi gSimbad gNED +

Aladin- HIPS

SD559 color

30"

L

4]

stributed under GP

3.118' x 1.962' ’ £
; = WIS ECE &
grid study wink rruliiew
o main_id [ nbref| ra_sexa | dec_sexa |main_type|other_ty..| radwvel |
- | |05 04 00.83182[+44 18 11.2916] [Em*|* |IR| |
-

filtar

cont

lg_zoom - |11 4

pixal

Frop

del

projection NS "
AEADIN

Imagine your eye
looking through a stack of planes (below).

Each plane contains its own data set: image, catalog,
graphical overlays...

You see the cormbination of therm in the main panel,

For accessing to other data, use the discovery tree in
the left panel,
or clic & drag your own local files,

MEEk c0S 7P/ SDSSE /oolor
£ aah CDS/PfDS52 /color L

Q v 02:48:11.92 +24:02:17 .6 ICRS

+30

05:04:00. 87240 +44:18:11.2320
3.118' x 1.962'




Analysis
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Stariink SPLATVO: <plot2203> P TOPCAT(2): Table Browser

Ele Analysis £dit Options Graphics Help Window Rows fielp

aa PR R E=E (] I =E ]
=) = E H = (o X ‘ = el F B A& 0@ X
le Views Graphics Joins Windows VO [nterop Help
‘ T y : ithation Actlons for 2 DEF_INSIMBAD.vot
SETTEEE a [ YR8 e k| #We® o | §EX @ D@ (st Description=—
1 5 ai602 [0 °f " 3 ¥ Use Sky Coordinates % | [Send the <o
31 63966 |05 Table Uist—————— [Current Table Proy ST SN

Displaying ¥ timits (%): [automatic| v V-hair Table Browser for 2: DEF_INSIMBAD.vot
Wavelength Flux: 2763572 Track free 3 [

a

EXN

75 |

* scale: Y scale: 1.0

|
58] 1-201GFINALIANAL Display image sSpectrum Location: [access

.64
35 3155 |

SiAT 2 DEF_INSIMBAD.vot ‘ Location;

Name| DEF_INSIMBAD.vot Display image region| | |
|

gl |spectrum Viewer: [splat
Load Table P

Send FITS Image
v/Send Spectrum
Display Cutout imagel

View in Web Browser

\’
| 7erssm

'
voke now on row 187

(Rosults -

[ 5eq” Row] st Message

|

10.45607 06,
- Xpdf: spec-56716-HD114322N200318M_sp08-042. pdf

‘ 716-HD1 143220280318H 8p0B-042 f1ta (LAMOST JI14631 674274624 1, Rinag 2, Inbel emission, subelass
Tolal: 664  Visible: 664 Selected: 1 i B et ol 4 4 0

h:1654)

vactn wavelengtl (A
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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

spec-56609-GAC093N22B1_sp05-096 spec—566T3-GACOTEN31B1_2p08-075

[
1

flux {counts)

flux (counts)

L

T T T T T T ! ! ! !
00 5 G000 000 S a0 1000 a0 GO0 o0

vacumm wavelength (A) vacuum wavelength (A)

2000

1500

1000 <

flux (counts)

flux (counts)
[
1

G0

T T T T T T T T T T T T T T
1840 L1560 4880 G540 GAGO GEROD 8000 8750 6450 GHO0 Gaa0 G600 ity GTO0

vacuum wavelength (A) vacuun wavelength (A) vacuum wavelength (A} vacuum wavelength (A)

spec-56012-F5601204 spl0-030

=
1

flux {counts)

| — Supernovae ???

spec-56012-F5601204 _ sp02-158

| b | In DSS2 /SDSS there are galaxies in
spec-56396-HD165712N321400M01 _sp06-166 10arcseC around saaaas

L

LOO0 B000 GO0 .[?II 4]

flux {counts)

vacuum wavelength (A)




Comparison with Other Method

RAA 2016 Vol. 16 No. 9, 138 (12pp) doi: 10.1088/1674—4527/16/9/138

http:/iwww.raa-journal.org  http:/fiopscience.iop.or,

0.4c.cn
Beijing 100049, China , \
sity of Science and Technology, Taiyuan 030 i na _[.”_“ —1:ng+ 1]

)

max ( s| —2:ng+:

Sciences, Nanjing 210042, China

Integral pixel statistics on different intervals around Ha

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



Confusion in Unique ldentification

SD559 color

2 stars that are 24 arcsec apart y

LAMOST J052402.81+334101.7

LAMOST J052401.53+334120.9 ®
2MASS J05240280+3341017 ¢
2MASS J05240153+3341210
) o
o -
N

05 24 01.52901(+33 41 21.0383 Y I
05 24 02.81204 i

+33 41 01,7009

|| M ' M
\\\ |.|” ’Ml' "’|M|,“'|‘ H'J' r“
fi R ||| T
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Confusion in Unique ldentification

Interactive AladinLite view
1

Cal

LAMOST J034912.80+240820.0 r

Is Pleione (5mag) 22 arcsec apart

Basic data : e

LAMOST J034912.80+240820.0 -- Peculiar Star

Other object types: Pe* (Ref)

DSS sDss =

Interactive AladinLite view
ICRS coord. (ep=]2000) : 03 49 12.800 +24 08 20.04 (Optical) [ 1 D 2015MNRAS.449.1401H 03 49 12.800 )

FK4 coord. (ep=B1950 eq=1950) : 63 46 14.853 +23 59 13.23 [ ]
Gal coord. (ep=]2000) : 166.959918 -23.163713 [ ]
Spectral type: ALmFL D 2015MNRAS.449.1401H

FoV: 1.99'
.

spss v

e A [hom
||\ il

LAMOST MJD 56295 | | "'\Mm|”T'¥“Nf"f\'“’V""\.-‘-ﬂ‘l S

Ondrejov at MJD 56153



Results - Unknown Bright Be star

spec-56283-GAC120N18V2_spl5-115 LAMOST J080032.504+185028.9 PRmag: 11.04

LAMOST

=
-
[
2
b

=

16000

6.5 arcsec distant star 7 mag

15000

14000

flux (counts)

13000

12000

BEO0 BE50
vacuum wavelength (A)

HD 65666 Perek 2m Telescope CCD700

" iy
il

Relative flux

CCD700 OND

6500

Wavelength (Angstrom)




Conclusions

« Making 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
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