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Abstract
• Gaia DR3の視差と光学分光測光を使って、系

内133個のWR星の輝線光度と輝線の分光テン
プレートを作成。

• 低⾦属量環境のマゼラン銀河の112個と⽐較。
• 様々なタイプ、サブクラスのWR (&high 

mass stars）に特徴的な輝線に注⽬。
• 遠⽅のWR星への拡張。

l Applications
・遠⽅に適応。
・⾊々な⾦属量環境。
・再現スペクトルで⼤質
量星のコンポーネントを
推測。

・early-type WN星は、低⾦属環境でより低い輝線強度（He II 4686とか）を⽰すが、late-type WN星では状況はあまり明確ではない。
・LMCのWC4-5星は銀河系の星よりも⾼いC IV 5801/12輝度を持つ。
・LMC/SMCの WO星の輝線輝度は銀河系の星よりも⾼い。
・C III 4647/51+He II 4686はすべてのWCサブタイプで強く、WC9星ではC III 5696がyellowで⽀配的。
・WR星のluminosityは低⾦属量環境ほど⾼くなる←→低⾦属量では恒星⾵が⼩さくなる←→平均的に⾼光度へのシフトによって打ち消される。
・LMC&SMCのblue emission C IV 5801/12のluminosityはそれぞれ2.6×1038 & 9×1036 erg/s, 8.8×1037 & 4×1036 erg/s
ß MWより1桁低い。
ß

NGC3049 (low-metallicity) IC4870 (high-metallicity)

Milky Way LMC SMC

l Observations

l Spectral template
・MW, LMC, SMC毎、WRタイプ毎の

平均的なスペクトルテンプレート。

l Line ratio

• WN, WN/C, WC, WO
：blue emission-lines（He II 4686, C III 

4647/51, N III 4634/41, N v 4603/20）
：yellow emission-lines（C IV 5801/12）

• WN＆WN/C：N IV 3478/85
• WC＆WO：O IV 3403/13
• WO：O VI 3811/34
• タイプ、サブクラス毎の

FWHM(HeII 4686), L(HeII 4686), 
L(CIV5801/12), L(Blue)等の⽐

・低⾦属環境でearly-type WNのHe II 4686が弱いことを確認。
・強輝線天体と弱輝線天体について個別に校正データを提供。

・LMC星の平均線輝度は銀河系に⽐べて⾼い＆SMCにある2つのlate-type WN星のうちの1つは複雑なcomplexでその主星が線放射を⽀配する可能性がある
結果、ようわからん。
WR星の光度は低⾦属量ほど⾼くなる←→低⾦属量で恒星⾵が⼩さくなる ：平均的に⾼光度へのシフトによって打ち消される。

・LMCのWC4-5は銀河系の星よりも⾼いC IV 5801/12線輝強度を持つ。
・WC6-7とWC8-9星については、⼤規模サンプルに基づく線輝強度のテンプレートを提供。
・C III 4647/51+He II 4686はすべてのWCサブタイプで強い。
・WC9星ではC III 5696がこの波⻑域で⽀配的な輝線。
・blue WC bumpは、すべてのサブタイプでC IV 5801/12とよく相関する。
・yellow WR bump = 
・WO星のO VI 3811/34や、他の顕著な輝線（O IV 3403/13, C IV 4658+He II 4686, CIV 5801/12）も。

Conclusions
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Table 2. WN and Of/WN line luminosity calibrations for Milky Way, LMC and SMC stars, including He �� _4686 FWHM in km s�1. The complex at _4100
involves N ��� __4097,4103, Si �� __4088,4116, He �� _4100+HX, while the feature at _4630 involves N � __4603,20, N ��� __4634,41 (or N �� __4601,43 for
very late WN subtypes). Line luminosities have been adjusted for systems host to WN+WN binaries (marked with ⇧), namely WR43A, BAT99-116, BAT99-118
and AB5.

Category N HeII 4686 !HeII4686 !NIV 3478,85 !NIV 4058 !4100 !4630 !HeII 5412 !CIV 5801,12 !HeI 5876 !HU !NIV 7103,29

FWHM 1035 erg s�1 10�3!Bol !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686

Milky Way (/�)
WN2–5w 22 1680±310 4.9± 3.7 0.37±0.23 0.68±0.21 0.26±0.14 0.27±0.14 0.29±0.15 0.12±0.03 0.06±0.05 0.03±0.02 0.20±0.08 0.21±0.15
WN3–7s 12 2480±510 20.3± 8.9 1.25±0.40 0.49±0.14 — 0.40±0.25 — 0.27±0.16 0.13±0.02 0.07±0.03 0.05±0.03 0.15±0.04 0.16±0.04
WN6–8 25 990±240 7.4± 5.0 0.44±0.20 0.30±0.16 0.18±0.09 0.65±0.28 0.86±0.44 0.11±0.04 0.03±0.02 0.32±0.31 0.51±0.43 0.12±0.10
WN9–11 4 440±100 5.1± 6.9 0.13±0.11 · · · 0.00±0.00 6.2±10.2 3.1±3.2 0.03±0.03 0.01±0.01 9.7±18.0 45±87 0.01±0.0
WN5–7h 7⇧ 1260±510 11.0± 3.8 0.15±0.04 0.37±0.39 0.18±0.07 0.54±0.23 0.58±0.32 0.06±0.01 0.03±0.02 0.05±0.02 0.64±0.13 0.09±0.01
Of/WN 2 1610±470 4.8±0.5 0.05±0.01 0.16±0.08 0.25±0.09 0.26±0.24 0.48±0.16 0.06 0.01 0.00 0.58 · · ·

LMC (0.4/�)
WN2–5w 24 1750±280 3.3± 2.6 0.21±0.14 0.79±0.19 0.10±0.11 0.13±0.12 0.19±0.12 0.11±0.03 0.04±0.03 0.00±0.01 0.22±0.06 0.08±0.04
WN3–7s 18 2170±600 10.1± 6.9 0.70±0.24 0.50±0.23 — 0.12±0.04 — 0.16±0.03 0.13±0.01 0.05±0.03 0.01±0.02 0.16±0.03 0.07±0.03
WN6–8 13⇧ 1080±270 17.8±14.0 0.39±0.16 0.20±0.08 0.17±0.03 0.33±0.14 0.34±0.19 0.09±0.03 0.03±0.02 0.09±0.06 0.41±0.24 0.06±0.01
WN9–11 8 240± 40 1.6±1.1 0.09±0.07 · · · 0.01±0.02 1.50±0.93 1.9±1.1 0.05±0.09 0.00±0.00 1.8±1.5 6.5±5.1 · · ·
WN5–7h 8⇧ 1830±250 30.2±13.6 0.24±0.12 0.44±0.14 0.18±0.05 0.18±0.09 0.07±0.03 0.09±0.02 0.03±0.01 0.01±0.01 0.34±0.08 0.11±0.04
Of/WN 6 1130±300 3.7±1.9 0.05±0.02 0.30 0.22 0.00 0.18±0.12 0.02±0.02 0.04±0.04 0.00±0.00 0.59±0.13 0.11±0.05

SMC (0.2/�)
WN2–5w 9 1630±280 1.7± 1.3 0.05±0.03 0.58 0.04±0.08 0.00±0.01 0.19±0.13 0.06±0.02 0.01±0.02 0.00±0.00 0.25±0.14 0.22
WN6–8 2⇧ 1060±280 15.5±11.4 0.35±0.06 0.23±0.07 0.09±0.07 0.10±0.03 0.04±0.03 0.10±0.00 0.03±0.02 0.03±0.02 0.23±0.02 0.06±0.01

All WN2–8 140⇧ 1570±610 9.7±10.1 0.42±0.37 0.48±0.27 0.14±0.11 0.26±0.25 0.34±0.33 0.10±0.04 0.04±0.03 0.08±0.17 0.30±0.23 0.12±0.14
All WN9–11 12 300±120 2.8±4.1 0.10±0.07 · · · 0.01±0.01 3.1 ±5.9 2.3±1.9 0.02±0.02 0.00±0.01 4.4±10.3 20±52 0.01±0.00
All Of/WN 8 1250±380 3.5±1.3 0.05±0.02 0.21±0.10 0.24±0.07 0.18±0.23 0.26±0.19 0.03±0.02 0.03±0.03 0.00±0.00 0.59±0.12 0.11±0.05

Table 3. WN/C line luminosity calibrations for Milky Way and LMC stars, including He �� _4686 FWHM in km s�1. The complex at _4100 involves N ���
__4097,4103, Si �� __4088,4116, He �� _4100+HX, while the feature at _4603–51 involves N � __4603,20, N ��� __4634,41 and C ��� __4647,51.

Category N HeII 4686 !HeII4686 !NIV 3478�85 !NIV 4058 !4100 !4603,51 !HeII 5412 !CIII 5696 !CIV 5801,12 !HU !NIV 7103,29

FWHM 1035 erg s�1 10�3!Bol !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686 !HeII 4686

3 Milky Way (/�) and 2 LMC (0.4/�)
WNE/C 5 2240±430 7.5±2.9 0.47±0.30 0.64±0.04 0.14±0.12 0.26±0.19 1.54±1.82 0.18±0.08 0.01±0.02 1.38±1.39 0.21±0.08 0.19±0.20

Milky Way (/�)
WNL/C 4 1270±130 7.3±3.1 0.36±0.17 0.82 0.91 0.87 1.75±1.32 0.15±0.05 0.06±0.08 0.53±0.17 0.18±0.09 0.20

All WN/C 9 1810±600 7.4±2.8 0.43±0.25 0.68±0.10 0.27±0.33 0.36±0.30 1.63±1.53 0.17±0.06 0.03±0.06 1.26±1.21 0.20±0.08 0.19±0.14

Table 4. WC line luminosity calibrations for Milky Way and LMC stars, including C �� __5801,12 FWHM in km s�1. The blue feature involves C ��� __4647,51,
C �� _4658 and He �� _4686, while the feature at _6559,81 involves He �� _6560 and C �� __6559,81.

Category N CIV 5801,12 !CIV5801.12 !OIV 3403,13 !Blue !CIII 5696 !HeI 5876 !6559,81 !CIII 6727,73 !CIV 7725 !CIII 9701,19

FWHM 1035 erg s�1 10�3!Bol !CIV 5801,12 !CIV 5801,12 !CIV 5801,12 !CIV 5801,12 !CIV 5801,12 !CIV 5801,12 !CIV 5801,12 !CIV 5801,12

Milky Way (/�)
WC4–5 11 2790±630 13.3± 6.6 1.43±0.44 0.55±0.25 2.30±0.51 0.02±0.03 0.08±0.01 0.07±0.03 0.11±0.03 0.09±0.02 0.13±0.07
WC6–7 18 2180±400 15.3± 9.0 0.89±0.43 0.77±0.24 3.11±0.50 0.35±0.24 0.16±0.11 0.16±0.06 0.17±0.03 0.11±0.01 0.28±0.06
WC8–9 21 1480±140 4.1± 3.5 0.41±0.20 1.32±0.92 4.82±1.19 3.21±1.01 0.56±0.26 1.12±0.48 0.60±0.27 0.11±0.04 0.99±0.28

LMC (0.4/�)
WC4–5 18 3370±490 34.1±19.8 2.19±0.27 0.55±0.26 1.63±0.40 0.02±0.03 0.02±0.03 0.05±0.01 0.06±0.02 0.06±0.01 0.06±0.03

All WC 68 2380±850 16.4±16.2 0.98±0.68 0.79±0.53 3.12±1.48 1.09±1.54 0.26±0.28 0.45±0.56 0.26±0.27 0.08±0.03 0.34±0.38

3.2 WC and WO stars

In Fig. 4 (left and centre panels) we compare the FWHM and line lu-
minosities of C �� __5801,12 for Milky Way and Magellanic Cloud
WO and WC stars. WO stars possess exceptionally high FWHM
though span a wide range of C �� __5801,12 line luminosities,

ranging from log(!CIV 5801,12/erg s�1) = 36.52±0.05 (AB8, SMC)
to 34.25±0.15 (WR102, Milky Way). In contrast, LMC WC4–5
stars possess uniformly high luminosities, with the WC4+O binary
BAT99-70 possessing the highest luminosity C �� __5801,12. Galac-
tic counterparts overlap with LMC stars, though extend to lower
luminosities. Galactic WC6–7 stars overlap with WC4–5 subtypes,
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APPENDIX B: TEMPLATES

Continuum subtracted WR emission line templates are provided for
the Milky Way, LMC and SMC in Figs. B1–B6. Templates are de-
graded to a uniform spectra resolution of 10Å, and are provided from
single and single+binary WR stars, since the latter are often contam-
inated by (Balmer) absorption lines from companion OB stars. Av-
erage velocity corrections of 284 km s�1 and 162 km s�1 have been
applied for the LMC and SMC, respectively (Tully et al. 2016).

This paper has been typeset from a TEX/LATEX file prepared by the author.

Figure B1. Upper panel: Galactic WN2–5w emission line templates based
on single (red) and all (black) stars, plus WN3–7s templates (blue, o�set by
1034 erg s�1 Å�1); Middle panel: LMC emission line templates; Lower panel:
SMC emission line templates (no strong-lined WN stars are known).
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Figure B2. Upper panel: Galactic WN6–8 emission line templates based on
single (red) and all (black) stars, plus WN5–7h templates (pink and blue,
o�set by 2 ⇥ 1034 erg s�1 Å�1); Middle panel: LMC WN6–8 and WN5–7h
emission line templates; Lower panel: SMC WN6–8 emission line templates.
LMC WN5–7h templates exclude the region shortward of _4600 owing to
the use of VLT/MUSE datasets (Castro et al. 2018).

Figure B3. Emission line templates for LMC (black) and Milky Way (blue,
o�set by 1034 erg/s/Å) Of/WN stars, plus LMC (red, o�set by 2 ⇥ 1034

erg s�1 Å�1) and Milky Way (pink, o�set by 3⇥1034 erg/s/Å) WN9–11 stars.
LMC Of/WN templates exclude the region shortward of _4600 owing to the
use of VLT/MUSE datasets (Castro et al. 2018)

Figure B4. WN/C emission line templates for single WNE/C (black, 3 Milky
Way and 2 LMC), single WNL/C (2 Milky Way, pink) and all WNL/C (4
Milky Way, blue) the latter group o�set by 2 ⇥ 1034 erg s�1 Å�1.
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Figure B5. Upper panel: Galactic WC4–5 emission line templates based on
single (red) and all (black) stars; Middle panel: Galactic WC6–7 emission
line templates. Lower panel: Galactic WC8–9 emission line templates. The
forest of blue features in WC8–9 stars primarily involve C ��-��� (Crowther
et al. 2006b).

Figure B6. Upper panel: LMC WC4–5 emission line templates based on
single (red) and all (black) stars; Lower panel: WO emission line templates
based on single (red) and all (black) stars, incorporating all Milky Way (4),
LMC (3) and SMC (1) stars.
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