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Background

 Definition of carbon star
 C/O > 1

 Optical spectra: CH, C2 or CN band

 Infrared spectra: SiC band

 Origins of carbon 
 Giants: from the third dredge-up of TP- AGB phase

 Dwarfs:  from their companion

 Why is carbon star rare ?
 The short time scale of TP-AGB phase (a few hundred years)

 Only third dredge-up can convect carbon to surface

 Only strong dredge-up can produce carbon stars

 Why do we study carbon stars?
 Play an important role in the nuclear synthesis process

 Synthesize about half of elements heavier than iron by the s-process

 Synthesize carbon by the triple-alpha process

 Help us to understand the evolution of galaxies

 As probes to investigate the dark matter halo, Galactic potential, dwarf galaxies or stellar 

streams.
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Background

 Detection History
 Alksnis, A. et al. 2001, 10, 1 --- 6891 carbon stars 

 Christlieb, N. et al. 2001, 375, 366 --- 403 FHLCs --- HES spectra

 SDSS
 Margon, B., et al. 2002, 124, 1651 --- 39 FHLCs

 Downes, R., A., et al. 2004, 127, 2838 --- 251 FHLCs

 Green, P. 2013, 765, 12 --- 1220 FHLCs

 Si, J.M., et al. 2014, 57, 176 --- 260 carbon stars

 LAMOST

 Si, J.M., et al. 2015, 15, 1671 --- 183 carbon stars

 Ji, W., et al. 2016, 226, 1 --- 894 carbon stars

 DFBS

 Gigoyan, K.S., et al. 2012, 544, A95 --- 13 FHLCs

 Gigoyan, K.S., et al. 2014 --- 54 FHLCs

 Gigoyan, K.S., et al. 2015 --- 66 FHLCs
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How to find carbon stars ?

Construction and 

Classification of 

positive sample set

Spectra

preprocessing

Research of 

Retrieval 

algorithms

Artificial 

identification

The process of finding carbon stars
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SDSS + LAMOST 

(1682)

Positive Sample Set

（1050）
K-mean Clustering

（50 groups）
Similarity 

Measurement

Four steps

Construction and Classification of Positive Sample Set

How to find carbon stars ?
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 Spectra Preprocessing Research

 For each type of template spectra

 Design eight preprocessing experiments

 To investigate the effect of preprocessing methods 

on retrieval performance 

How to find carbon stars ?



8

 Research of Retrieval algorithms

 Six Machine Learning Algorithm Comparison

 Time Consuming of Key steps of Bagging TopPush Algorithm

How to find carbon stars ?
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 Bagging TopPush Algorithm + over one billion spectra 

 2651 carbon stars from LAMOST DR4

 1415 of them are new findings

 17 carbon-enhanced metal-poor main sequence turn off stars 

 Examples of Spectral Binaries 

How to find carbon stars ?
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Example of G-type carbon stars

How to find carbon stars ?
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Examples of emission line carbon stars

How to find carbon stars ?
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Examples of carbon-enhanced metal-poor main sequence turn off stars

How to find carbon stars ?
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Spectral MK Classification

 Spectral MK Classification

 Classification Criteria

 CJ stars --- J index  >= 4 (ApJ, 2009, 705, 1298)

 CH, CR, CN, and Ba stars --- artificial identification

 Classification Results

 CH:  864

 CR:  226

 CJ:  400 

 CJ(N) :  353

 CJ(H):  41

 CJ(R):  6

 CN:  266

 Ba:  719

 Unknown:  164

 Binary:  12 (No spectra type)
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Two CJ(N) stars

Spectral MK Classification
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CJ(H) and CJ(R) stars

Spectral MK Classification
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CJ(binary) and CJ(EM) stars

Spectral MK Classification
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Spectral MK Classification
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Finding carbon stars

 Parameter Catalog for carbon stars of LAMOST DR4

 Designation

 Equatorial Coordinates

 Signal to Noise ratio

 PPMXL proper motion

 UCAC4 proper motion

 GALEX photometry

 Pan-STARRS photometry

 2MASS photometry

 Wise photometry

 Flag_new:  new finding or not

 Flag_type:  a spectral binary, a G-type star, a emission line star, or not

 Spectra_type:  CH, CR, CJ, CN, and Ba
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Finding carbon stars

 Parameter Catalog for 17 CEMP MSTO stars of LAMOST DR4

 Designation

 Equatorial Coordinates

 Signal to Noise ratio

 Atmospheric Parameters

 Radial Velocities

 PPMXL proper motion

 UCAC4 proper motion

 GALEX photometry

 Pan-STARRS photometry

 2MASS photometry

 Wise photometry
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Multiple-wavelength Data

 GALEX Ultraviolet Detections

 1099 detections

 26 FUV-detections --- likely have white dwarf star companions

 1098 NUV-detections
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Multiple-wavelength Data

 G-type stars:  0.3 <= (g - r) <= 0.8 and 3 <= (nuv - r) <= 7.5

 Ba stars: 0.3 <= (g - r) <= 1.2 and 7.5 <= (g - r) <= 11 
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Multiple-wavelength Data

 G-type stars:  0.3 <= (g - r) <= 0.8 and 2.5 <= (nuv - g) <= 7

 Ba stars: 0.3 <= (g - r) <= 1.2 and 7 <= (g - r) <= 10.5
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Multiple-wavelength Data

 Hot carbon stars:  0 <= (g - r) <= 1 and 0.2 <= (r - i) <= 1.7

 Cool CJ and CN stars:

 Most of them:  (r - i) > 1.7

 A small fraction of them: (g - r) > 1.0 and (r – i) <= 1.7
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Multiple-wavelength Data

 Hot carbon stars:  -0.05 <= (r - i) <= 0.65 and 0.05 <= (i - z) <= 0.9

 Cool CJ and CN stars:

 Most of them:  (i - z) > 0.9

 A small fraction of them: (r - i) > 0.65 and (i - z) <= 0.9
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Multiple-wavelength Data

 Hot carbon stars:  -0.05 <= (z - y) <= 0.7 and -0.1 <= (i - z) <= 0.4

 Cool CJ and CN stars:

 Most of them:  (z - y) > 0.7

 A small fraction of them: (i - z) > 0.4 and (i - z) <= 0.7
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Multiple-wavelength Data

 Hot carbon stars are distinguished from cool CJ and CN stars:

 (z−y) ≤ −0.8×(y−J)+1.45

 Roughly criterion: (y−J) ≥ 1.45
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Multiple-wavelength Data

 Hot carbon stars are distinguished from cool CJ and CN stars:

 (y−J) ≤ −3×(J −H)+4.3

 Roughly criterion: (J − H) ≥ 0.93
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Multiple-wavelength Data

 Hot carbon stars are distinguished from cool CJ and CN stars:

 (J − H) ≤ −3 × (H − K) + 4.3

 Roughly criterion:  (H −K) ≥ 0.35 and (J −H) ≥ 1.0
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Multiple-wavelength Data

 Hot carbon stars are distinguished from cool CJ and CN stars:

 (H−K) ≤ −0.6×(K−W1)+0.5
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Multiple-wavelength Data

 Hot carbon stars are distinguished from cool CJ and CN stars:

 (K−W1) ≤ −0.9×(W1−W2)+0.3



31

Multiple-wavelength Data

 Hot carbon stars are distinguished from cool CJ and CN stars:

 (W1 − W2) ≤ 0.05 × (W2 − W3) + 0.03
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Multiple-wavelength Data

 Conclusion

 It is difficult to distinguish three type hot stars with colors we used.

 It is also difficult to distinguish cool CJ(N) and CN stars with colors we used.

 J - H and H – K are  the best colors to distinguish cool and hot carbon stars.

 G-type and CR stars can be roughly isolated from nuv – r and g – r colors.

 G-type is the hottest stars, and is hotter than CR and Ba stars.

 Questions

 What else can we do with these multiple-wavelength data ?



33

Compared with Previous Work

 ApJS,  2016,  226,  1 (894 carbon stars from LAMOST DR2)

 5 stars with low quality spectra are not in our catalog

 Our 575 DR2 carbon stars not in this catalog

 122 are test targets

 453 are science targets

 RAA,  2015, 15, 1671 (183 carbon stars from LAMOST Pilot Survey)

 4 stars with low quality spectra are not in our catalog



Thank you for your attention !
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