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Abstract: UBVI CCD photometry of the intermediate age open cluster NGC 7790 has been obtained using AZT-22 1.5 m
telescope (f/7.74) at the Maidanak Astronomical Observatory in Uzbekistan. NGC 7790 contains three § Cep variable stars
including CEa Cas, CEb Cas, and CF Cas. PSF photometry was carried out using IRAF/DAOPHOT for all observations.
The total number of stars observed both in 7 and [ filter was 1008 and the limiting magnitude was V~22. To determine
atmospheric extinction coefficients and photometric zero points, many blue and red standard stars as well as the standard
stars in the celestial equator under various airmass were observed. Photometric data were transformed into the standard
Johnson-Cousins’ UBVI standard system. From the analysis of UBVI color-magnitude diagram and color-color diagram,
the color excess in V and I filter [E(B—V)=0.58+0.02], the selective extinction ratio in ¥ and [ filter [Ry=A/E(B-V)
=3.02+0.09] and distance modulus (¥o—M;=12.65+£0.10) of the cluster were determined. The age of the cluster was
estimated to be log age=8.05+£0.05 [yr] based on the position of these three Cepheid variables in the color-magnitude
diagram, the isochrone of the Geneva group (Ekstrom et al., 2012-7Z=0.019), and the isochrone of the Padova group
(Bressan et al., 2012-7=0.014) were used to compare each other. Of them, the Geneva models that considered stellar
rotation well described the position of & Cepheid variables in the blue loop. Although they were well consistent with
standard period-luminosity relation of & Cepheid variables, three Cepheid variables in NGC 7790 were, on average,
brighter by about 0.5 mag than the absolute magnitude estimated from the mean period-luminosity relation at a given
period.

Keywords: nge 7790, UBVI, the color-magnitude diagram, & Cepheid variables, the period-luminosity relation

*Corresponding author: cdy2682@naver.com
Tel: +82-42-860-0268
Fax: +82-42-863-5488

This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.



2 2k $=W7]28 Maidanak HET AZT-22 1.5m B4 (£7.74)3} SITe 2000x800 CCDE AR&-38l4 3719] & Cep
Ea Cas, CEb Cas ¥ CF Cas7} & 59 AW NGC 77909 UBVI &3 #&S F3sI9it. A28
[RAF/DAOPHOTE ©]&-3le] PSF 222 Faslsion, v ¢ | e 2% 238 o £= 2 10087001, =%
o] SASES Va22ewoltt 7A3AF 2 3398 S 2] ot AT e oY 12y 34 9
AN FEES et d71EgEelA BEsth 25 32 59 t71A3AS 9 39S A4, 4T
=328+ Johnson-Cousins UBVI EFAZ W8It NGC 77902] UBVI M-53%st M Awoa o] Agre] ps}
V "EoM o] Mz [E(B-V)=0.58+0.02], B ¢+ V HEjolMe] Neld 4233 [Ry=4/E(B-V)=3.02£0.09] 2 A&

A (Vo-My=12.65£0.10)2 L3Uth. HRZAAM Ao|= WHgAe A5 sl vols A3 o] gl
Padova 7% (Bressan et al., 2012)2] SIH341(Z2=0.019)7 Geneva A7+ THEkstrom et al., 2012)2] SAH=FA
(Z2=0.014y% =% AR3IY L, TFoIM AHS IH3 Geneva AT-HEe Astngo] #&xpg9l & UR]sle] NGC
77908] Ul log age=8.05+0.05 [yr|E AUth = NGC 77904 AlFo|= wgAe] ASFS Aol WA
Ha 77135 BAe) vl B4k w9 dlell 71E s FoR FrloM HEHeR o 0.55F B s 9

3.

F20{: NGC 7790, UBVI, M-5F%, Aol WA F7]4% 34

M B

HEA$A LIl Qs NGC 7790 (RA=23"58"24",
Dec=+61°1230"y> T4 AWIATolth(Mermilliod,
1981). ko] wbgde oF 2'.50|H AlHoj= HBA
CEa Cas, CEb Cas ¥ CF Cas7} th(Kraft, 1958;
Sandage, 1958; Schmidt, 1981; Pedreros et al.,
1984). 9 WWIARES FHEFS 2= EE9
24 543 Astdel] v F8sthSung and
Bessell, 1999). AlFjo|= WA o] F7] 4% FAE
24 AT AAel Fodk gFe sn=
(Davidge, 2012) Agle} 22 7|84 ET)gs
< 7 UL, mebA dUeEs 7 F e iA
ol JE Ajol= WP Z3L vje- T

Sandage (1958y= NGC 7790 W HE9l| tis UBV
RSB ARSEE T8, (m-M)=12.8+0.15,
E(B-V)=0.52+0.042 At} Christian et al. (1985)
2 7he] AY W VC/CCD EFAHES A=3
dl, o] FlA NGC 7790 W 107]¢] #5488 &
5to] Landolt XA 2 W3S Pedreros et al.
(19845 NGC 7790 W V~19537H UBV A=
38 FYsto], E(B-V)=0.64+£0.05, (m—-M)=123+
022 ZAA3IAt). Alcala and Ferro (1988)y= NGC
7790 W V~135w71A2] HEd sl BA5ES 7
3sto], E(B-V)=0.59+0.05, (m-M)=123£02& 2
8tk Romeo et al. (1989)= NGC 77902] BVRI
CCD =35 F3slod, E(B-V)=0.54+0.045 L7,
Pleiades®] FAIGAE ARSI (m-M)=12.65+0.15

AN rle rlo

£ ARt 283 YolE 50~100 Myr= A1t
Mateo and Madore (1988)= UBVR CCD #=& &
3] E(B-V)=0.56+0.042 A2, Pleiades®] F7|
X (Turner, 1979)3 ©]&221 SAH I (van den
Bergh and Bridges, 1984y A3l (m-M)=123+
0.15% <91t} Matthews et al. (1995)2 CF Cas®]
533 AAEE HskE ALl o] At AR
3130+160 pc (ABIAG=12.5)2 ZH3sI4t}. Lee and
Lee (1999x> BVRI 5333} 2294 K Wit 5%S
F3le] E(B-V)=0.54£0.05, (m—M), =12.45£0.05%
A, Bertelli et al. (1994)e SAHTAL o] &3}
o A YolE log (age)=8.1+0.1 ]2 AA3}t
th. Gupta et al. 2000y V=21 ©]&te] HWEo] tj
gk BVI CCD 3285 33t E(B-V)=0.51+0.03, 7]

£ 334023 Kpc (A2AT=126)0% T3, F
AY AFA Asjol= WPl digt FABFFA
D272 B8 Uol2 120420 Myr2  Tskdith
Davidge et al. (2012)2 FHurh-2Zef2-sfelo] 7
(Canada-France-Hawaii telescope-CFHT)2] MegaCam
o7 =48 Faslal E(B-V)=0.56+0.05, (m—
M)=1251£0.10& LY, Girardi et al. (2004)]
SAEFMoE FAE AFE A sle HE
g} 548 yEs SAH I 2F1E B3 Yol
60-80 MyrZ A4 331t}

919} o] B2 APAFelm Batal Aok 7
BAQ B4, AAstel ARG, Yol Fo] of4 |
SalA AYEA Eatal vk HAsiEke] W=
E(B-V)=0.49+0.024 (Kraft, 1958)cl4 0.64+0.04

¢

Ll

—_—



NGC 77902] (BV/CCD 22 663

6124 . e e o e - LR . * og o®
° * . ° y ce . o, ; ‘e
6123-.' . M D . - . ° . S e .. e
M ‘e ® o ° o CFOAS - .
6122° ’ M % ‘e-- ° .’.' = .
R . te . o O ° o _ 'CECAS - PR N
S| .e e, . 3 X ... -... LI
ezt - i@t W@ ¢ o .0® Y 'o’d.-" '~. - (3 M
° . o Q,.' P o 2yt @ 0 e o ¢
612 _.. % ) e " ® . o 3 .. o .
N S, e e g’ %. P i [ ] .
o110 Mg B A LIS AP ..’ .8 e o . "% ° o
Y ..'. ®e N
%% 2975 nor 23965
RA(M)

Fig. 1. Finding chart for the stars brighter than ¥'=22 mag. Symbol size is propotional to the magnitude of the star, while larger

symbols represent brighter stars.
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Table 1. atmospheric extinction coefficients and photomet-
ric zero points

Primary Secondary

Filter extinction extinction PhotomeFr ic
coefficient coefficient zero point
U 0.450+0.014 0.023 21.752+0.015
B 0.313+0.019 0.026 23.252+0.012
vV 0.186+0.014 - 23.345+0.008
I 0.052+0.008 - 22.921+0.003
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Table 2. Comparison with previous photometry

Ref. AV n Al n AB-V) n AV-I) n AU-B) n
Sandage (1958) +0.010£0.053 18 - 40.02420.036 18 - - +0012£0045 14
Christian et al. (1985) -0.002:0.011 5  -0.013£0.012 5  -0.005£0.014 5  -0.0010.014 5 - -

Romeo et al. (1989)  -0.012+0.028 109

-0.043+£0.049 114

0.010£0.042 114  0.032+0.034 112 - -
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Fig. 2. Differences between our measurements and those of Sandage (1958) (4=this study-Sadage).
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Fig. 5. Color-color diagram for the stars with in NGC 7790.

The dashed line represents the unreddened main sequence

relation. The solid line is the main sequence relation shifted

by the mean interstellar reddening E(B-V)=0.58. The

crosses represent early type stars selected to obtain £E(B—V).
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NGC 77909 (BV/ CCD =% 667

Table 3. Photometric data for selected early type stars

Star RA (2000) Dec. 20000  (B-VY EB-V) (V-I%  EV-I) ’gﬁg *l;)) Ar Vo
12 23 58 28.06 61 12 3.11 -0.20 0.62 022 0.75 121 1.86 10.81
21 23 58 18.03 61 12 31.03 -0.14 0.60 -0.15 0.73 122 1.81 12.85
25 23 58 20.57 61 12 53.46 0.13 0.60 -0.14 0.78 130 1.81 11.96
29 23 58 23.15 61 12 25.07 -0.16 0.60 017 0.74 123 1.82 10.93
34 23 58 34.92 61 12 19.04 0.16 0.59 017 0.70 1.18 1.79 11.51
35 23 58 34.86 61 12 0.83 -0.14 0.58 0.15 0.70 122 175 11.72
38 23 58 30.63 61 12 18.70 -0.18 0.61 20,20 0.75 124 1.83 1127
) 23 58 3127 61 12 49.76 -0.16 0.59 -0.18 0.69 117 1.79 1130
52 23 58 29.01 61 12 4145 -0.15 0.57 -0.16 071 124 173 1130
53 23 58 24.38 61 12 59.41 2012 0.56 0.13 0.71 125 1.70 12.38
57 23 58 39.08 61 12 20.89 0.13 0.55 -0.14 0.71 129 167 12.02
76 23 58 30.36 61 12 13.71 0.15 0.58 -0.16 0.72 125 1.74 1173
At ; ; - 0.58+0.02 ; 0.72£0.03 123004 1.77:0.06 ;
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Fig. 6. The actual CCD image rotated by 25 degree in the X axis that shows the spatial variation of the reddening E(B-V).
The cross represents the position of Cepheids. The size of the dot is proportional to the amount of the reddening E(B—V).
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Fig. 9. Color-magnitude diagram. The superposed is the red-
dened ZAMS relation from Sung et al. (2013).
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metallicity of Z=0.014 from Ekstrom et al. (2012) without

rotation.
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Table 4. Photometric data of Cepheids

Star RA (2000)  Dec. (2000) 14 V-1 B-V U-B 12 My

CF Cas 23 58 1797 61 13 1593 10.95 1.33 1.11 0.63 9.20 -3.45

CEa Cas 23 589.10 61 12 49.20 10.97 1.34 1.17 0.69 9.22 -343

CEb Cas 23 58 944 61 12 49.46 11.13 147 1.32 0.88 9.38 -3.27
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Fig. 11. The solid line represents the mean Galactic P-L
relation for 25 Cepheids with cluster distances (open circles)
and 28 with BBW moving atmosphere distances (crosses) by
Tammann et al. (2003). The dashed lines are shifed as
My=%0.5 from the solid line. Dots in the box represent the
My of CEb Cas, CF Cas and CEa Cas, from reft to right
determined using the average values given by Sandage and
Tammann(1969) and Gupta(2000) applying our reddening
and distance modulus.
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Table 5. Comparison of My determined from observation and calculated from the Period-luminosity relation

Star Author log P \% EB-V) Vo (m-M), Obs. My Cal. My Obs.-Cal.
Sandage and Tammann (1969) 10.92 0.58 9.18 12.65 -347 -3.06 -0.41
CEa Cas Gupta (2000) 0.711 10.90 0.58 9.16 12.65 -3.49 -3.06 -0.43
Tammann et al. (2003) 10.92 0.56 9.23 12.69 -3.46 -3.06 -0.40
Sandage and Tammann (1969) 10.99 0.58 9.25 12.65 -3.40 -2.87 -0.53
CEb Cas Gupta (2000) 0.651 11.02 0.58 9.28 12.65 -3.37 -2.87 -0.50
Tammann et al. (2003) 11.05 0.55 9.41 12.69 -3.28 -2.87 -0.41
Sandage and Tammann (1969) 11.12 0.58 9.38 12.65 -3.27 -2.99 -0.28
CF Cas Gupta (2000) 0.638 11.14 0.58 9.40 12.65 -3.25 -2.99 -0.26
Tammann et al. (2003) 11.14 0.53 9.55 12.69 -3.14 -2.99 -0.16
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