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Be Stars - Introduction

Gamma Cas (Padre Angello Sechhi 1866)

Vatican obs predecessor — visual spectrograph
Some have or have had emission in Balmer lines

JQama_cas
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Figure 3.18: Spectrum of Gamma Cas. Be Star



Ondrejov 2m Perek Telescope (1967)

50 years tradition in Be stars
Archive over 20 000 spectra
13000 in Halpha region

Be mysterious phenomenon
changes line profile
epizodes of emision

fast rotate

Hot (early B types)

disk or envelope
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Be Stars : Shell lines vs. no absorption
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Be Stars : Emission in absorption
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LAMOST (Guoshoujing)
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LAMOST Spectral Surveys

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

DR5 (half 2017) spectra
DR6 (half 2018) +739 006

Each Fiber — 2 motors
double arm 33mm circle

Fibre collects light from
3.3 arcsec circle on sky




Ondrejov Data Classification

emission
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13335 spectra from CCD700
Our TARGET class only Be stars
=emission or double peak (2+1)
Attempts for more classes failed

(subjective — Hanuschik 1996)

Still not enough labels for DL !



Balancing Classes in Training Set

Synthetic Minority
Oversampling Technique

SMOTE

Bowyer et al. 2011

absorption e double-
peak



Common Spectra in Both Surveys

Needed cross-matching in VO
Topcat, SPLAT-VO)

V395 Aur

LAMOST (2 mil) and
Ondrejov (12000) on SSAP
server (DaCHS) + DATALINK

ONLY 22 common (but
different time of observation =
changes in profile)

ONLY 4 emission line

2000




Transfer Learning

Domain Adaptation

source
domain

Ondrejov
R~13000

knowledge

target
domain

LAMOST
R~1800

learning
system




Domain Adaptation

HD 53416 before air to vacuum conversion

LAMOST

6520 e540 ES60 E580
wavelength (Angstrom)

HD 53416 after air to vacuum conversion

LAMOST

BS540 B560
wavelength (Angstrom)

Wavelength transform from air to vacuum



Domain Adaptation

BT CMi from LAMOST

1.0
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V395 Aur fromm LAMOST
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Change of spectral resolution by

to grid of 140 pixels in 6519 to 6732 A -~ FEATURE VECTOR

BT CMi from Ondrejov

convolved ﬂ
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V395 Aur from Ondrejov
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(13000 - 1800)



Normalisation od Data

Continuum normalisation — rectification (continuum on 1.0, limit at 0)

Ondrejov — automatic pipeline
LAMOST DR1 special extension — but BAD (LAMOST private com)

experiments show that (at least for our Halpha region ) the continuum
normalisation is not needed (training on unrectified gives same
validation accuracy 0.96 )

Rescaling to zero mean, unit variance - common in ML

Different emission height vs. rescaled shape ... ??7?
The height of emission should be part of classification ?7??



Deep Convolutional Net

deep network to have representation power
and dropout to reduce overfitting.

Inspired by VGGNet
adapted to 1D spectrum.

No feature extraction!

Training:
TENSORFLOW+KERAS on GTX980 GPU

Validation set 20% + test set 10%

input (140 pixel spectrum)

conv3-64

conv3-64

maxpool2

conv3-128

conv3-128

maxpool2

conv3-256

conv3-256

maxpool2

fc-512

fc-512

softmax




Active Learning

Human (Oracle) involved

Random Sampling:

From predicted TARGET class
(single or double peak) selected
randomly 100

Visual check : re-classification
(confirm, change, put in NOISE)

These data added to training set
Repeat

until few misclassifications
(6 times)

LAMOST
classification

manual
labeling

convnet
training

Ondfejov
data
training
data
‘IIIE%%HHHH%IIII




Results

12944 candidates (from 2 mil)

572  double peak (but complex shapes)
12372 single peak

Visual check (500 boring)

Most are correct - but physical origin (YSO, late types M)
Unreliable classification from LAMOST 1D pipeline (F, A/B)

A lot of new Be stars (xmatching — 243 unknown <12 mag r)
Many SUPRISES !!!



Comparison with Other Methods

Integral pixel statistics on different intervals

Lin (2015) DR1 (23 classical Be + 180 new Be )
We have 20 (3 not seen in normalized) 179 OK (1 faint)

Hou (2016) DR2 (more data — over 4 mil) - 11205
we have 2078 of them



Results - Unknown Bright Be star

spec-56283-GAC120N18V2_spl5-115 LAMOST J080032.50+185028.9 PRmag: 11.04
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Results - Single Peak Emission

spec-55886-GAC_O6ING0_VA_spl6—060. fits (LAMOST JO35754. 944522537, 1, Rmag: 99040, label: emission, subelass: NMon)

Mz [eomis]

o

vaeinm wavelengtl [A)

i
o
-
=

vaciinm wavelenetl [A)




Results - Single Peak Emission

spec—-55851-GAC_OBON 28 M1 _sp15-066_ fits (LAMOST JOSIS14 3242041129, Rmag: 9940, label: emission, subelass: EL |
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Results - Single Peak Emission

gpec-56X19-EGO3G6ATN 03032801 sp11-207 . fits (LAMNMOST JO35647. 2240512475, Rmag: 14.81. label: emission, subcless: M3)
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Results - Single Peak Emission

spec-56H04-GACOBON 338101 _sp03-146 fits (LAMOST JOSIGITV. 6543434105, Rmag: 1602, label: emission, subelass: FD)
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Resuts - Double Peak Emission

apec-56266-GACOBONIIVL spl12-118. fits [(LANMOST JOG2836.854-341825.2, Rmag: 12,69, label: double-peak. subelass: AZY)
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Resuts - Double Peak Emission

spec—56331-GACOBTNITYL spl12-171 . fits (LAMOST JOG3052. To4382342.2, Bmag: 1347, label: double-peak,
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Resuts - Double Peak Emission

2 pec—-5E2 92-GACOBON16VE spl4-0T6 fits (LAMOST JOSS126. 834 17T0820.6. Rmag: 90400, label: double-peak, subelass: A2V

b
s

Mz [eomis]

T
LR

v wavelengtls [A)

i [eomts)

vacinim wavelength [A)




Resuts - Double Peak Emission

gpec—-56839-GAC_104N11 V3 _sp03-043 fits (LAMOST JOG5311.554 1132565, Rmag: 9900, label: double-peak, subelass: ALV
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Resuts - Double Peak Emission

spec-558940-GAC_103N0OE VE_spl6-189 fits (LAMOST JOG4D16. 97 4081053, Rmag: 12.8, label: double-peak, subelass: A2V
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Resuts - Double Peak Emission

apec—56300-GACOBEN20V] sp0d-148 fits (LARMOST JOG5414 85841040544, Rmag: 1367, label: doublepeak, subelass: A2V
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Resuts - Double Peak Emission

apec-55838-GAC_OTON4AD VZ_spl6-040 fits (LAMOST JO43231 83442530425, Bmag: 9040, label: double-peak. subelass: A2V
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Resuts - Double Peak Emission

gpec-56867-GAC_OTAN44 V6 _spl0-084 fits (LAMOST JO44257 084431516.5. Rmag: 9900, label: double-peak. subelass: F§)

L

- W\“

)

Mz [eomis]

ol b

T
o

vacim waee lenggtl [A)

w
@
-
=

waciimn wave lemeth (&)




Resuts - Double Peak Emission

gpec—56869-GAC_ OBONAT V4 sp07-048 fits (LAMOST JOS2341.7043535821.8, Rmag: 1287, label: double-peak, subclass: AJIV)
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Resuts - Double Peak Emission

gpec—563ZI-GACOBONZAVE s p0T-149 fits (LANMOST JOGOGOT 454230012000, Rmag: 12,6, label: double-peak, subclass: A2V

L

L) TN LELL TN D Sy R

vacim waee lenggtl [A)

|
|

i wae lemeth (&)




Resuts - Double Peak Emission

spec-BE832 -GAC_OTINGZ V1 _sp01-185 fits (LAMOST 44700 0534500030.0, Rmag 1219, labal: double-peak, subclass: BY)
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Resuts - Double Peak Emission

spec-EEBET-GAC OTINAd V4 sp15-074 fits (LAMOST 4307 404445022.5, Rmag: 13.28, label: double-peak, subclass: A2V
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Resuts - Double Peak Emission

spec—-56904-GAC OBEN33 V1 sp02-216 fits (LAMOST JOG2803. 7443050028, Rmag: 9.0, label: double-peak. subelass: A2V
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Resuts - Double Peak Emission

spec-55838-GAC_OTONAC VE _ splT-068 fits (LAMOST JO44636. TIH3M0448. 4 Rmag: 9940, label: double-peak, subelass: A2V
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Results - Interesting

gpec—-56204-GACOBONI3B101 _sp16-060 . fits (LAMOST JOSM4L0.3643442001.8, Rmag: 1493, label: emission, subelass: Non|
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Results - Interesting

gpec-56864 -GAC_098N04 V3 _spld-07 8 fits (LAMOST JOG3250.014054756.6, Rmag 1297, labal: double-peak, subelass: Non|
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Results - Interesting

gpec-56884-GAC O98N04_ V2 spld4-073 fits (LAMOST JOG3148 304045820.2, Rimag: #.0, label: double-pealk, subelass: Nonj
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Results - Interesting

pec—56204-GACOBONASE101 sp03-112 fits (LAMOST JOST342.754 M2406.9, Bmag: 1494, label: emission, subelass: G5)
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Results - Interesting

gpec-56301-HDOB104 ANE206834M01 _ap06-213 . fits (LAMOST JOR2236.054+510524.5, Rmag: 1551 label: emission, subelass: Non)
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Results - Interesting

gpec—-56308-GACOBEBN20VE sp03-167. fits (LAMOST JOG5054. 77 +2001447.6, Rrioag: 1208, label: emission, subelass: A2V
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Results - Interesting

spec—5E292-GACOBEN16VE s pl12-107 _fits (LANMOST JUG423. 74418004 1.9, Riwag: 1170, label: donble-peak, subelass: ANV
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Results - Interesting

gpec-56321-VBOSEBN31VL sp14-203 fits (LAMOST JO5453H 04314300.2, Rmag: 9041, label: double-peak, subelass: Nonj
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Results - Interesting

gpec-568TT-GAC OBONAT V1 ap0da-071 fits (LAMOST JOS2314.004374253.6. Rimag: #0000, label: double-peak, subelass: A2V
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Results - Interesting

pec—56204-GACOBONASE101 sp03-168 fits (LAMOST JOST431.974 33538501, Rmag: 1549, label: emission, subelass: (5]

iy waanve et [A)
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AGN Spectrum
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Results - Interesting

gpec-56816-F5681 602 _spl3-068 _fits (LAMOST JO20206 814023334, 1. Rmag: 1795, label: double-peak, subelass: Mon)
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Results - Interesting

spec-56 256-VBO18N4TV]L spl6-174 . fits (LARMOST JOMITH2 8744847121, Rimag: 1299, label: double-peak. subelass: Non)
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Conclusions

Active learning overcomes the lack of labeled data

ML on big spectra archives may identify new
Interesting objects yet unknown/unexpected

Domain adaptation gives LABELS on unlabeled set
Crucial is interactive visualization of candidates .....
The VO protocols + tools VERY helpful - XMATCH
Deep learning shows its strength

Wavelength invariance of CNN ?? (QSO search)



THANK YOU



