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Introduction – Open Clusters, the Milky Way
• Open Clusters (OCs)

- Single stellar population, same distance, same chemical composition, same dynamics 
à Verification of the stellar evolution theories

- Possible origin of field stars in the Galaxy

• Classification by “age”
- t ≤ 10 Myr : Young OCs à Star formation process, IMF
- t = 10 Myr - 1 Gyr : Intermediate-age OCs
- t > 1 Gyr : Old OCs à MWG disk formation and evolution
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- Single stellar population, same distance, same chemical composition, same dynamics 
à Verification of the stellar evolution theories

- Possible origin of field stars in the Galaxy

• Classification by “age”
- t ≤ 10 Myr : Young OCs à Star formation process, IMF
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https://en.wikipedia.org/wiki/Thick_disk

not dominated by a few bright stars
interstellar reddening, circumstellar reddening not serious
membership problem can be detoured by statistical treatment
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Old OC studies – by the Korean scholars
Kim, S. C., et al. 2017, JKAS, 50, 79 – Ruprecht 6
Yang, S.-C., et al. 2013, ApJ, 762, 3 – NGC 6819
Kyeong, J., et al. 2011, JKAS, 44, 33 – King 11
Ryu, J., & Lee, M. G. 2011, JKAS, 44, 177 – Cz 5, Alessi 53, Ber 49, Ber 84, Pfleiderer 3
Kim, S. C., et al. 2009, JKAS, 42, 135 – Trumpler 5
Kyeong, J., et al. 2008, JKAS, 41, 147 – NGC 1193
Kim, S. C. 2006, JKAS, 39, 115 – NGC 1641, NGC 2394
Kim, S. C., et al. 2005, JKAS, 38, 429 – Czernik 24, Czernik 27
Kim, S. C., & Sung, H. 2003, JKAS, 36, 13 – Trumpler 5
Ann, H. B., et al. 2002, AJ, 123, 905 – 12 OCs
Kim, S.-L., et al. 2001, AcA, 51, 49 – NGC 2420, NGC 2506
Park, H. S., & Lee, M. G. 1999, MNRAS, 304, 883 – NGC 1798, NGC 2192
Ann, H. B., et al. 1999, JKAS, 32, 7 – Ber 14, Col 74, Biu 9, NGC 2355
Lee, S. H., et al. 1999, PKAS, 14, 61 – NGC 2420
Lee, M. G. 1997, AJ, 113, 729 – AM-2
Wee, S.-O., & Lee, M. G. 1996, JKAS, 29, 181 – NGC 1245

※ KASI researchers
※ University researchers
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Kim, S. C., et al. 2009, JKAS, 42, 135 – Trumpler 5  2MASS
Kyeong, J., et al. 2008, JKAS, 41, 147 – NGC 1193 SPM 1.5m
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Kim, S. C., et al. 2005, JKAS, 38, 429 – Czernik 24, Czernik 27  BOAO 1.8m
Kim, S. C., & Sung, H. 2003, JKAS, 36, 13 – Trumpler 5  KPNO 2.1m, 0.9m
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Photometry only!
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Number of OCs in the Milky Way
• 1987 : N ∼ 1200, Catalog of Open Cluster Data (COCD, Lyngå)
• 1995 : N∼500, Database for OCs (Mermilliod 1995)
• 2002 : N=1537, New Optical Catalogue incl. candidates (Dias+ 2002 A&A 389, 871)
• 2005 : N=109, Kharchenko+ (A&A 440, 403)
• 2006 : N=66, Kronberger+ (A&A 447, 921)
• 2007 : N=1788, Froebrich+ (MN 374, 399: 2MASS, |b|<20˚)
• 2013 : N=2808, Kharcehnko+ (A&A 558, 53)
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Number of OCs in the Milky Way

Kharchenko et al. (2013, A&A, 558, 53)

20 kpc
Yellow circle : 
r=1.8 kpc
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Number of OCs in the Milky Way
• 1987 : N ∼ 1200, Catalog of Open Cluster Data (COCD, Lyngå)
• 1995 : N∼500, Database for OCs (Mermilliod 1995)
• 2002 : N=1537, New Optical Catalogue incl. candidates (Dias+ 2002 A&A 389, 871)

2005 : N=1753
2009 : N=1787
2010 : N=2140
2016 : N=2167 (version 3.5; January 28)

• 2005 : N=109, Kharchenko+ (A&A 440, 403)
• 2006 : N=66, Kronberger+ (A&A 447, 921)
• 2007 : N=1788, Froebrich+ (MN 374, 399: 2MASS, |b|<20˚)
• 2013 : N=2808, Kharcehnko+ (A&A 558, 53)

• Total N∼105 : Piskunov + (2006 A&A 445, 545)

⟶ Only 2-3% of all MW OCs are revealed!
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Number of OCs in the Milky Way
• 1987 : N ∼ 1200, Catalog of Open Cluster Data (COCD, Lyngå)
• 1995 : N∼500, Database for OCs (Mermilliod 1995)
• 2002 : N=1537, New Optical Catalogue incl. candidates (Dias+ 2002 A&A 389, 871)

2005 : N=1753
2009 : N=1787
2010 : N=2140
2016 : N=2167 (version 3.5; January 28)

• Basic physical parameters : distance, interstellar reddening, age, metallicity,
radial velocity, proper motion
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Number of OCs in the Milky Way
• 1987 : N ∼ 1200, Catalog of Open Cluster Data (COCD, Lyngå)
• 1995 : N∼500, Database for OCs (Mermilliod 1995)
• 2002 : N=1537, New Optical Catalogue incl. candidates (Dias+ 2002 A&A 389, 871)

2005 : N=1753
2009 : N=1787
2010 : N=2140
2016 : N=2167 (version 3.5; January 28)

ü N=2104 (97.1%) : proper motion
ü N=2040 (94.1%) : distance
ü N=2025 (93.4%) : interstellar reddening
ü N=2013 (92.9%) : age
ü N=703   (32.4%) : radial velocity
ü N=298   (13.8%) : metallicity⟶ Need more survey, photometric and 

spectroscopic studies on the MW OCs!
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Milky Way Disk – Radial Metallicity Gradient
• MW formation

- monolithic collapse à steep metallicity gradient (Pipino+ 10)
(e.g. △[Fe/H]/△r = -0.3 dex/kpc)

- mergers, migrations, accretion of low-mass galaxies
à flatter metallicity gradient (Minchev+12, González Delgado+15)
- probing inside-out formation, dry-merger scenario (Chiappini+01, 

Tissera+16)

• Radial metallicity distribution
- Cepheids (Andrievsky+04, Cescutti+07)
- Globular clusters (Yong+08)
- Red clump stars (Önal Taş+16)
- Planetary nebulae (Stanghellini & Haywood 10)
- H II regions (Rudolph+06, Fernández-Martín +17)
- field stars (Xiang+15)
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Milky Way Disk – Radial Metallicity Gradient
Radial metallicity distribution –
Using open star clusters (OCs)

Kim 2006 (JKAS 39 115)
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Milky Way Disk – Radial Metallicity Gradient
Radial metallicity distribution –
Using open star clusters (OCs)

Kim 2006 (JKAS 39 115)

Twarog+97 (AJ 114 2556)
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Milky Way Disk – Radial Metallicity Gradient
Radial metallicity distribution –
Using open star clusters (OCs)
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Twarog+97 (AJ 114 2556)



21

The OC Ruprecht 6 - Observations
CTIO SMARTS 1.0m Telescope + Y4KCam CCD

BVI filters, 4104×4104 px, 20’×20’ (0.289”/pixel, gap : 40 px), 15 μm
2010 December
Ruprecht 6, NGC 1641, Czernik 30, Berkeley 34, Berkeley 75, Berkeley 76

Ruprecht 6R = 2’ RA: 06h 56m 00sDec: -13˚ 17’ 00” (J2000)

20’ × 20’
http://www.astro.yale.edu/smarts/smarts1.0m.html
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Ruprecht 6 - image
N

E

V-band, Y4KCam CCD
19.57’×19.57’
α(J2000) = 06h 56m 06s

δ(J2000) = -13° 15’ 00” (CMa)
B : 1200 sec × 3
V : 900 sec × 3
I : 800 sec × 2
Median seeing ∼ 1.5”

R = 2’

Center position :
Hasegawa+ 08
Dias+02
SIMBAD



23

Ruprecht 6 - image
N

E

V-band, Y4KCam CCD
∼9’×9’
α(J2000) = 06h 56m 06s

δ(J2000) = -13° 15’ 00” (CMa)
B : 1200 sec × 3
V : 900 sec × 3
I : 800 sec × 2
Median seeing ∼ 1.5”

R = 2’

Center position :
Hasegawa+ 08
Dias+02
SIMBAD
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Data Reduction and Photometry
• Pre-processing : standard procedure using IRAF/CCDRED

- overscan correction, bias correction, twilight sky flattening
- interference patterns in I-band à supersky image using all I-images on that night
- shutter shading correction

• Photometry : DAOPHOT II/ALLSTAR stand-alone (Stetson 1990)
- quadratic variable point spread function
- aperture corrections

• Standardization using 4 Landolt (92, 07, 09) standard star fields
- transformation equations :

(Large : standard mag, small : instrumental mag, X : airmass)

• Number of stars from the photometry : N=5570
for the region of Ruprecht 6, r<2’ : N=296
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Error Distribution
Errors ∼ 0.1 mag at

B ≈ 22.7 mag
V ≈ 22.4 mag
I ≈ 21.2 mag
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B mag

V mag

I mag

(B-V) color

(V-I) color

Standardization residuals

△B=0.037

△V=0.030

△I=0.029

△(B-V)=0.017

△(V-I)=0.019

rms
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Size estimation
• Stellar number density profile (V < 20 mag)

à Radius ∼ 2’
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Color-Magnitude Diagrams (CMDs)
• Clear main-sequence (MS)
• Some red giant stars (RGB)
• Three red clump (RC) stars

- B = 17.36 ± 0.09
- V = 16.00 ± 0.10
- I = 14.41 ± 0.13
- (B-V) = 1.35 ± 0.05
- (V-I) = 1.59 ± 0.05

R < 2’ (N = 296)
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CMDs – comparison field
3’ < R < 3.6’ (N = 179)
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Spatial Distribution of the Red Clump-like stars

• Stellar density of the cluster area / density of the background area = 0.239 / 0.019 = 
12.58

• The 3 stars in r<2’ = members of Ru 6

• 10 stars including the 3

• Spatial density for the 3 = 
0.239 /(arcmin)2

• Spatial density for outer 7 = 
0.019 /(arcmin)2
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Distance Estimation
• using the red clump (RC) stars – core helium burning low-mass stars

- almost constant magnitude
- small dependence on metallicity and age at NIR, especially at KS-band

(Paczyński & Stanek 98, Girardi 16)
à MKs = -1.595 ± 0.025 mag, MI = -0.236 ± 0.024 mag

• red clump (RC) stars – 2MASS photometry

à 〈Ks〉 = 12.39 ± 0.21

• Distance modulus : (m-M)0 = 13.84 ± 0.21
d = 5.86 ± 0.60 kpc
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Interstellar Reddening Estimation
• red clump (RC) stars (Sarajedini 99, Grocholski & Sarajedini 02)

: (J-KS)0= 0.612 ± 0.003
- mean NIR color, 〈J-KS〉 = 0.81 ± 0.06
- E(J-KS) = 0.20 ± 0.06, E(B-V) = 0.41 ± 0.06

• red clump (RC) stars (Janes & Phelps 94) : (B-V)0 = 0.95 ± 0.10 for VRC-VMSTO>1
- 〈B-V〉 = 1.35 ± 0.05
- E(B-V) = 0.40 ± 0.11

• (B-V) vs (V-I) color-color diagram
- shifting the intrinsic relations for dwarfs and giants
- E(B-V) = 0.40 ± 0.10, E(V-I) = 0.59± 0.10

• PARSEC isochrone fittings
- E(B-V) = 0.42, E(V-I) = 0.60

u Reddening values : E(B-V) = 0.40 – 0.42, E(V-I) = 0.59 – 0.60
à E(B-V) = 0.42, E(V-I) = 0.60
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Color-Color Diagram

dwarfs

giants

Intrinsic relations for 
dwarfs (V) and giants (III) 
– Sung et al. (2013, JKAS, 
46, 103)
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PARSEC Isochrones Fitting
• PAdova and TRieste Stellar 

Evolution Code (PARSEC) 
isochrones (Bressan+ 12)

• [Fe/H] = -0.42 ± 0.04 dex

• log(age) = 9.50 ± 0.10
t = 3.16 ± 0.82 Gyr
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Galactic Metallicity Distribution
• Data : Dias et al. (2002)
à OCs with [Fe/H] estimates

• whole range

• R<12 kpc, 2σ clipping

• R>12 kpc, constant at

Galactocentric radius (kpc)

All, N=298+1

t>1 Gyr, N=81+1

t≤1 Gyr, N=217
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Galactic Metallicity Distribution

Galactocentric radius (kpc)

All, N=298+1

t>1 Gyr, N=81+1

t≤1 Gyr, N=217

• For old (t>1 Gyr) OCs 
only :

• whole range

• R<12 kpc, 2σ clipping

• R>12 kpc, constant at



37

Galactic Metallicity Distribution

• Dias+ (2002) - whole OCs 
with [Fe/H] estimates

• whole range

• R<12 kpc, 2σ clipping

• R>12 kpc, constant at

• old (t>1 Gyr) OCs only :

• whole range

• R<12 kpc, 2σ clipping

• R>12 kpc, constant at

N=81+1N=298+1
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Summary
• Open Cluster studies – important for

- the stellar evolution theories
- the Galactic disk formation and evolution

• Old OC Ruprecht 6, CTIO 1.0m telescope + Y4K Cam CCD
- distance d = 5.86 ± 0.60 kpc
- interstellar reddening : E(B-V) = 0.42, E(V-I) = 0.60
- PAdova and TRieste Stellar Evolution Code (PARSEC) isochrones fittings

metallicity : [Fe/H] = -0.42 ± 0.04 dex
age = 3.16 ± 0.82 Gyr

• Galactic metallicity gradient :

• Need more OC survey, photometric and spectroscopic observational studies!

ü For old (t>1 Gyr) Ocs only :
ü For the whole range
ü R<12 kpc, 2σ clipping
ü R>12 kpc, constant
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Dziękuję!

Thank You!


