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E SDSS-DR8 � 2MASS -�~)$>3 NGC 6791 ~
t�KA�∗NQO 1† M P 2†

(1 BUdkZ4Kk�<Mk( BU 213164)
(2 POKk(PS�,� PS 200030)HC a�uqqim� (SDSS) y 8 Za�q4 (DR8) rb\I#q4~ 2MASS

(Two Micro All Sky Survey) $e�|&:Iq4p-[�rjK\� NGC 6791, pl'\�rdLy���m���,% Vr = −46.4 ± 0.2 km·s−1 [ [Fe/H]= 0.32 ± 0.11

dex. a�\�Oe�℄7\r%℄G “(
WI”, �℄ 2MASS $e�|&:Iq4�|k'\�r?�;[
q% (m-M )0 = 13.02 ± 0.08 mag u 4.02 ± 0.15 kpc. �'�p-98Pr�Q!bk$���m���dLy�~?�;[
q��℄p$�X�Y|�w� 3 |� (1) NGC 6791 _6z�#�mr\�
 (2) / SDSS rI#�&�d����[Pr 87 I�\B�1a/�=r�m��=�
 (3) plr;[
q��o��m��~G�PI1�/�_�SMGr��:g���{ (#=2
=;��w�NGC 6791, �=�����=�����+�&9/�L1��	� P157; 68u%!� A

1 DB �iJ[�^W_F �Æ
n%.~*q�A#�wJqa[7��&I#[A��d#vD�q�n��l���}N�,�x��D
?[Ær�iJ[�q�n�:Z��l���}dmtT{8p:D� b;9���X�iJ[�~C Æ+j�Dq^o,
��A�vmqT{[jÆ
 [1−2]. ��iJ[�qI#[9��ng~�Lf�2J�mjI��+q�{�Æ+j�~C�iJ[�jqo,a[_I�vmqT{Wwb�d�\6[q$QLfa[vmq~5T{���nN0^ Cannon[3] .o,X�iJ[�V�<�>q�
NGC 6791 (αJ2000 = 19h20m53s; δJ2000 = +37◦ 46′18′′) �.~�C Dq^iJ[��h��&���qiJ[�<+�A�<��l�I#[�
1#�I�q"[���_O`D� 0B$^5a[� [4]. 0/.� Platais t [5] C{O�qkLf) 5000
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M⊙, #~�iJ[��{
�
(o,8v�0�%sH"�27Oj#�~Iq�l��E^ [Fe/H]∼+0.4 dex[6−9], #~�iJ[�{0o
�
(o,8v�0Lf9Hp3pKqsM –[t� (CMD) C{okq�n7�$ 8 ∼ 10 Gyr[4−5,9−10], NGC 6791l�iJ[�Nn�Xq~Y����2q5a[��n`�#�0/.��o,8�> NGC 6791 Nq��[H�Vp (WDLF) K>e5��-193 WDLF �;�q�n�93a[XhD{ (MS-TO) �;�q�nA�`.�<q<
 [11−13]. n#���o,8GO NGC 6791 Nq�7��7qa[�n`.
) 1 Gyr q<
��7qa[��Vs:�X [14]. FP;^:y�:)� NGC 6791 Nqa[_IRLL��~�iJ[�0�� NGC 6791 L�'_jeYa[_IRL��X0^~5U���OqiJ[�� 2006 �� Carraro t [6] 04GOR NGC 6791 L�^ 
^7D5
��~q~5:
a[7�q�Y5��-1:5a[7�4'q�l3�RL`�R� 2009�� Boesgaardt [9] }GO NGC 6791 q,�Ln)��L�*%�"U�lq
^7NW7 �Æ�>.�Tq(J^��hkR/m���Lf6
�y�"�l�y��X�)�q��[H�Vp���7a[�nq 1 Gyr<
�:S�<0��&�iJ[�q�=Xo NGC 6791 ~C^Æ+j��0E^q
N�
 NGC 6791  aSGqo,��\�.~:Ww\�a[q_I�vm�}
^7q_I�vm�
2 .�
2.1 SDSS-DR8

SDSS[15] �X�q�,�U~
 2.5 m P*� 7 ���
? (
?�C* 3◦ ) q!')�}~
~YF9L�so 640 �Æ
H"q
�'H;H"��H"�%s R ≃

1800[16]. .~��q^ SDSS x 8 Y`�qp3 (SDSS-DR8)[17].

SDSS [x 2 $F9�l (SDSS-II) CY�
^7qo,q$T{A~� SDSS-IIq
3 5o,�lA~ — Sloan Extension for Galactic Understanding and Exploration (ÆH
SEGUE t SEGUE-1)[18], ^_}<

^7qF9�l�&�q^�R

^7q��-Nq
fa[ aIJZH"F9�nQso~
�a[qN��2�
Kx��mjI���ntT{Y3�`�:SY3o,
^7q�A�vm� SEGUE-1qF9p3~d SDSS qx 7 Yp3`� (DR7) Æ?2 [19], SEGUE-1 X�~�f�T\a[H"qLh SEGUE Stellar Parameter Pipeline (ÆH SSPP)[20−21], �Boka[
-q�l���tR*��})�Æ
�x� 3 5T{8p� SDSS x 3 $ (SDSS-III)[22] �<�
^7qo,l$ 4 5�lA~ (SEGUE-2), DR8 q$ SDSS-III qx 1 Yp3`���UU3�q SEGUE-2 $�F9kq 118 000 Ha[q
-v!8p��O:.F9Rq�DR8 ?2q�
-v!8pqa[kpbk 500 000Ho��X��DR8 X�'R( q SSPP LhTU�{: 500 000 Ha[q
-v!8p [17], okqa[
-8pE}:LF [23]. �.nU�! SSPP okq
Kx�Z�l��q&��+$ 4 km·s−1Z 0.21 dex[22].
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2.2 2MASS

2MASS �l`�e�0�f�mq 1.3 m P*!')�L. J (1.25 µm) � H (1.65

µm) �} Ks (2.16 µm) 3 5#d�.��V aF9��q^
>5ÆN a#d�lÆ� 2MASS {%[) (ÆH PSC) ��Uj 470 992 9705%q9HZÆ
9fp3�&N
5�^
^7�qa[�{5%��(J�[t�[t0<�9HLftY3�PSC!,j:Æ 99.99% q�#�.z�-�%q3S8�&��y�[t$ J≤15.8 mag �
H≤15.1 mag � Ks≤14.3 mag[24].

3 ':0�G�*��{o,iJ[�qv!
L�g:{��[�?[�Rw�ZCV�:~4�A H$ “I#��”. ��[�I#nA�q���eY��9H�� (_x�) Z,�j�� (fat
Kx�). ~�B$,�j��:�R��$,�j��L��b.#�n4qpj	^qvSO�-1D��{O	^8pZI#*s [25]. ,�j��q\v�3^[�I#[�~IqN�,�x��Vasilevskis[26] � Sanders[27] qCV
;q$`�fa��[�I#*s}�jvS� Zhao t [28] �} Girard t [29] 2( j:~��XAL��fa0t&�3S�.~X�
Kx�q$ NGC 6791 I#��q�3�^�$
Kx�&��0� SDSS-DR8 �>qa[
Kx�&� [23] ��Byl{6�	�?[Z�[q
Kx��+ [e50t�2�.Era[
Kx�0t&�q3S8?[Z�[q
Kx��2VpL)[F8

Φ(vi) = Φfi + Φci , (1)

Φfi =
1 − nc

2π(σ2
f0 + ǫ2i )

αi , (2)

Φci =
nc

2π(σ2
c0 + ǫ2i )

βi , (3)

αi = exp{−
1

2
[
(vi − vf)

2

σ2
f0 + ǫ2i

]} , (4)

βi = exp{−
1

2
[
(vi − vc)

2

σ2
c0 + ǫ2i

]} . (5):^� vi ^x i H[q
Kx�� ǫi ^x i H[q
Kx�F90<� nc ^K~m�[p�Φfi �Φci �+^?[Z�[q
Kx��2Vp� vf � vc �+^?[Z�[q��
Kx�� σf0 � σc0 �+^?[Z�[q
Kx��s�J��f�8p� 5 5�
� N H[.~�F8v<Vp

L(θj ; j = 1, 5) = ln

N∏

1

Φ(vi) =
N∑

1

ln(Φ(vi)) , (6)

∂L

∂θj

=
∂

∂θj

N∑

1

Φi(θ1, θ2...θ5) . (7)93n
v<!\�O�Lm (7) g�ok�2Vpq 5 58pqn�C�E (�) 1),
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Pi =

Φci

Φ
=

Φci

Φci + Φfi

. (8)v 1 5 ��xz,}��I
Table 1 Distribution parameters of NGC 6791

nc vf(km·s−1) vc(km·s−1) σf0(km·s−1) σc0(km·s−1)

0.4 -24.0 -46.3 33.6 2.3[.~iOq NGC 6791�.Æ7�#� (1o×1o,NW�[�NWT\) q 274Hy!a[q
Kx��2C�� (�� 1) L���
fa[q
Kx�|N. -50 km·s−1$#�

−200 −150 −100 −50 0 50 100
0

50

100

150

V
r
 / (km⋅s−1)

N

� 1 NGC 6791 �8 274 Jz"
℄seMz��3D��
Fig. 1 Distribution of radial velocities for 274 stars in the region of NGC 6791[I#*s�2C�� (�� 2) �}a[N��2� (�� 3) L�DO�.~qI#��^�Rq�$jn
���Q?[/?�.~A$i9I#*s P > 0.7 q 95 Ha[q$I#[8�[���
Kx�Z�l��q�{�.~`� 95H[�I#[�{okq[���
Kx�}��Eq0;��$ Vr =

−46.4 ± 0.2 km·s−1. �!
Kx�0��:�Q?[q/?�℄WO[� 3 N}L�DO�Z[�NW�'T�Rfy!a[�}<I#*s
� 0.7h`L�^?[��X.[�NW$#:R3S}L�`.��X�.�{[����l��V�.~g:	Qj(�D5�*��q 5HI#*s
� 0.7qa[ (�� 3),D5�*9 rtidal=10 arcmin [5].X��ng{	QÆS}<(�D5�*��1I#*s
� 0.7h�l���<0�qy![�FP:Ya[H^yRp�1�l��<
�<�.~B$:S`L�^?[/?�FP:Ya[pf�
�1�l��E#�~I�.~B$`L�^NGC 6791I#[
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Fig. 2 Distribution of membership probabilities for 274 stars in the region of NGC 6791
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Fig. 3 The sky-plane distribution of 274 stars with different membership probabilities. Crosses indicate

stars with P > 0.7, dots indicate stars with P < 0.7 and “⊕” indicate stars lying outside the tidal radius

but with P > 0.7
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�nQ.~	Qj
��l����E 3�N0<qy![ 3H�:S 	Qq0I#*sy![�l��A�<
�< (�� 4). nQ.~�V�{[����l��qI#[�� 87H��{okq���l��}0;��$ [Fe/H]= 0.32±0.11

dex. Erk SDSS H"q�%�
 (R ≃ 1800), : 87 HI#[q�l��<
-0�< (�� 4). .~okq��
Kx�}�l��E�&�o,8v�0�%sH"�2okq�P�\oDjW [6−9]. Eo~�q^� DR7-SSPP .C{C�x��a[q
[Fe/H] VoO>nTvCq3S�
� NGC 6791 :y"�lq[�vCj) 0.3 dex,:~{..~:.q;qN�'�vR [30], ( gq DR8-SSPP�'I=�=j:~-��
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Fig. 4 Top left: Distribution of [Fe/H] for 274 stars; Top right: Distribution of [Fe/H] for 95 stars with

P > 0.7; Bottom left: Distribution of [Fe/H] for 90 stars lying inside the tidal radius and with P > 0.7;

Bottom right: Distribution of [Fe/H] for 87 stars lying inside the tidal radius and with P > 0.7 after 3σ clip

4 ÆF�4|�?�����".d�\6[^T�NWT>Q��qQLfa[��~._x�O�<I�1H��J`Q��X`D� %BOV�\vZF9�)�d�\6[9�
ID�qH���S.�qH���l��}�n�i0`.�WE7�̂ ~Y�A\Fq “'bVH”[31−36].

2007 �� van Helshoecht t [35] `� 2MASS p3�2j 24 5iJ[�y!Nqd�\
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[t�}>
[t��n��l��q�WE7�: 24 5iJ[�q�nZ�l��!,�#�J�iJ[�q:Z	p℄:�'�RXh�\q��ok�93:Z	p
7d�\6[q
[t0�ok>
[t�van Helshoechtt [35] q�v^d�\6[q>
[t$ MK = −1.57± 0.05 mag, .[�y!q�nZ�l���#�h�nZ�l��q�H0
�L�:5Eq$\Fq “'bVH”. &;q^
d�\6[>
[tq��9f�.�^[�y!�LFq:Z��l��Z�nE� 2008��
Groenewegen[36] `�e?gq Hipparcos Æ
9fp3�TU9�j�x$#9�0&�I�
<q~�d�\6[y!q>
[t�:Sd�\6[�y9�0LfqH"�l��E�ok>
[t$ MKs = −1.54± 0.04 mag, 1��l��qDE
`"H�
Groenewegen[36] q;q^
d�\6[ Ks .�>
[tqC�9f�`� 2MASSq{%[)�>q J.�} Ks.�q9Hp3�.~pKj NGC 6791Æ7 (:[�NW 5 arcmin ���� Dias iJ[�) [37] 7q
Q~I) a[qsM –[t� (CMD)(�� 5). [ CMD OL�DO� NGC 6791 ;W`�X�
5�a[�'ZCjXh���[ CMD O}0��> NGC 6791 ;W`.~�pfqd�\6[�.~!Eu�	�A$. CMD O�1_�QQOjd�\6[7 (�� 5). 1_Q�Q!,qsM�#$
 0.7≤J-Ks≤ 0.8 mag, [t�#$
 11.3≤Ks≤ 11.7 mag, :~7��
19 Hd�\6[�$j%L��R?[qGeVq0<�.~`�: 19 Hd�\6[
Ks [tN(E mKs = 11.52 mag q$��
[t�&�J$ 0.07 mag. :y.~0okjd�\6[q��
[t mKs = 11.52 ± 0.07 mag. Erk Ks [t. 11.52 mag TqF90<Q� 0.025 mag (�� 5), .~jujd�\6[ Ks [tqF90<
:Z	p�{0Iq�H�`�8ZL�ok NGC 6791 q>
:Z	p


(m − M)0 = mKs − MKs − AKs , (9)&N (m-M )0 $[�q>
:Z	p�AKs $ Ks.�F�OHE�.~7�OHE7

AKs/AV = 0.118[38],dmE E(B-V) 9 0.117 mag[37],d�\6[q Ks.�q>
[t7� Groenewegen. 2008�v�e?gq Hipparcosp3okqE
(−1.54±0.04) mag[36].nQ.~ok NGC 6791 q>
:Z	p (m− M)0 = 13.02± 0.08 mag t)[I:Z (4.02 ± 0.15) kpc, .~q�P�+? [4,6,10] �tnB�\�okq�P�\o#�W�D
�U�qtnB�\9:��.~��qX{�{.���q�^C�F9E
(� (9) Z), 0g{8E[�q�n}�l��Y3�1hOHEq�H}#Hj.�Qo
�2005 ��Carneyt [39] �(�v��q 4 m Mayall!')�} IRIMd�7DxF9okqp39fR NGC 6791q:Z��~}�d�\6[q “'bVH”ok>
:Z	p$ (m−M)0 = 13.07±0.04 mag. Carneyt [39] q:Z	p#.~qE
~S�:X{���~��d�\6[q>
[t^ Alves 7Oq MK = −1.61 ± 0.03 mag[33],# Groenewegen . 2008 �okqEhj�# 0.07 mag.
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℄stN – ℄u� (Ks vs J-Ks), 2`�R�&f�^8℄8Æ�P� Ks /�℄u�3���tN – ℄u�E��Æp9� J /�℄u�℄uG;1>�oC&��{A℄u
(15.8 mag); �9� Ks /�℄u�℄uG;1>�oC&��{A℄u (14.3 mag)

Fig. 5 Top left: Color-magnitude diagram for stars lying within 5 arcmin from the center of NGC 6791.

Rectangle indicates the red clump region; Top right: Distribution of Ks-band magnitude, corresponding to

the color-magnitude diagram; Bottom left: J-band magnitude versus magnitude error. Vertical line

indicates the complete limit magnitude (15.8 mag); Bottom right: Ks-band magnitude versus magnitude

error. Vertical line indicates the complete limit magnitude (14.3 mag)

5 � .~`� SDSS-DR8 qa[H"p3�} 2MASS #d�9Hp3�2jZ�q[� NGC 6791 q
Kx���l���}>
:Z	p�.~q
Kx���l���P�&��(o,8v�0�%sH"q�2�P�\o`W�h:�(o,8qy!#�R�Æ1^#�hq6[�.~qy!a[� 274 H� ��$0*sI#[q�
95 H�&N� 5 H0*s[(� NGC 6791 qD5�*A��n� 3 Hq�l���<�Z&�a[��X.�{[�q���l��V 	Q�. SDSS H"�%�
���.~'�>: 87 HI#[A���<q�l��<
�.~B$:�&0^y!q
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`"H�.~7Oq:Z	p
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A Study on the Fundamental Characteristics of Open
Cluster NGC 6791 Based on SDSS-DR8 and 2MASS

Data

GAO Xin-hua1 CHEN Li2

(1 School of Information Science and Engineering, Changzhou University, Changzhou 213164)

(2 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)

ABSTRACT SDSS-DR8 (The Eighth Data Release of Sloan Digital Sky Survey) and 2MASS

(Two Micro All Sky Survey) data are used to analyze the fundamental parameters of the

open cluster NGC 6791. Using the radial velocities of 274 stars in the region of the clus-

ter, we calculate the membership probability for each star with the maximum likelihood

method. Based on the stars with high membership probabilities, we derive a mean radial

velocity value Vr = −46.4±0.2 km·s−1 and a mean metallicity value [Fe/H]= 0.32±0.11 dex.

Using red clump giants in the cluster as a kind of excellent distance indicator, we derive

an absolute distance modulus value (m − M)0 = 13.02 ± 0.08 mag or distance 4.02 ± 0.15

kpc. We therefore confirm that NGC 6791 is extremely metal-rich, and within the resolution

of SDSS spectra, NGC 6791 does not show any evidence of internal spread in metallicity.

The radial velocity and metallicity obtained by us are in good agreement with the values

reported by other authors based on high-resolution spectra. Our derived absolute distance

modulus based on red clump giants is also consistent with the values obtained from main

sequence fittings by some authors.

Key words open clusters and associations: individual: NGC 6791, stars: abundances,

stars: distances, techniques: radial velocities


