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PHOTOMETRIC ANALYSIS OF USNO-B1.0 1323-0548678CAPEZZALI, DANIELE1;2; CAROSATI, DANIELE3;4; FIORUCCI, MASSIMO1;51 Physi
s Department University of Perugia, Perugia, Italy2 Porziano Astronomi
al Observatory, Assisi, Italy3 Armenzano Astronomi
al Observatory, Assisi, Italy4 EPT Observatories, Tijarafe, La Palma, Spain5 INAF Osservatorio Astronomi
o di Padova, Asiago, ItalyIn the last yearswe have repetitively observed the variability ofUSNO-B1.0 1323-0548678(J2000.0 � = 22h02m27:s8; Æ = +42Æ1800300) during a program to study the well knownextragala
ti
 obje
t BL La
. The sour
e has been already identi�ed by Sokolovsky &Amirkhanyan (2006) as an EW e
lipsing variable, and now we are able to give the �rstresults about the physi
al parameters of 
omponents in this 
lose binary system.The data have been obtained at the Armenzano Astronomi
al Observatory with the0.40 m Rit
hey-Chr�etien teles
ope equipped with an Apogee AP47p (Mar
oni 47-10of 1024�1024 pixels), and at the Porziano Astronomi
al Observatory with the 0.35 mS
hmidt-Cassegrain teles
ope equipped with a QSI532WSCCD
amera (KodakKaf 3002meof 2184�1472 pixels). Both the instruments are provided with standardBV RCIC Johnson{Cousins broad-band �lters, and the simultaneous results show small di�eren
es withinthe 
orresponding standard deviations. The CCD frames were �rst 
orre
ted for stan-dard de{biasing and 
at{�elding, then pro
essed for aperture photometry and di�erentialphotometry using the 
omparison stars already 
alibrated for BL La
 (Fioru

i & Tosti,1996). The typi
al standard deviation is of the order of 0.02 magnitudes. The 698 photo-metri
 points are reported in Table 4 (available in ele
troni
 form only through the IBVSwebsite as 5908-t4.txt), and brie
y resumed in Table 1. Time has been 
onverted toHelio
entri
 Julian Days.The �rst important step in our analysis was to estimate the intrinsi
 
olors of thesystem. Table 2 shows opti
al 
olor indi
es and the JHKs 
olors reported by 2MASS(Cutri et al., 2003). Opti
al photometry suggests a spe
tral 
lassi�
ation � K2 V, whilethe near-infrared 
olors are 
onsistent with an higher average temperature: a spe
tral
Table 1 Photometri
 observations of USNO-B1.0 1323-0548678�lter N. of data max minArmenzano Porziano TOTB 29 51 80 16.64�0.03 16.93�0.04V 147 35 182 15.67�0.02 15.98�0.02RC 258 59 317 15.20�0.01 15.51�0.01IC 75 44 119 14.72�0.02 15.03�0.02
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Table 2 Observed and dereddened 
olors of USNO-B1.0 1323-0548678E(B � V ) B � V V �RC V � IC J �H J �Ks0.00 0.95 0.45 0.95 0.39 0.450.10 0.85 0.38 0.81 0.35 0.41


lassi�
ation � G8 V. It is extremely probable that the variable is reddened by theinterstellar matter in the La
erta region (S
hlegel et al., 1998, report a Gala
ti
 extin
tionAV '1.1), so we 
omputed the dereddened 
olors (Fioru

i & Munari, 2003) 
hanging theE(B�V ) parameter from 0 to 0.40, step 0.01. Comparing the dereddened 
olors with theexpe
ted ones for the various MK spe
tral types we veri�ed that the best �t is a
hievedfor E(B� V ) = 0:10, 
orresponding to the spe
tral type G6 V, a value that now allows agood agreement between opti
al and near-infrared dereddened 
olor indi
es (see Table 2).W UMa stars are 
lose 
onta
t binary systems, with 
omponents that generally belongto main{sequen
e stars of spe
tral type from late A to middle K. They are among the mostnumerous variable stars in the sky, � 95% of all variable stars in the solar neighborhood(Ho�man et al., 2009). They 
an be easily identi�ed by spe
tros
opi
 observations, whilethe photometri
 
lassi�
ation is usually performed by visual inspe
tion of the light 
urvepro�le and by the identi�
ation of the spe
tral type. With our estimation of the spe
traltype, and taking into a

ount of the typi
al patterns in the light 
urve, we 
an 
on�rm thatUSNO-B1.0 1323-0548678 is a 
lose binary system. The minima in the light 
urve havealmost exa
tly the same depth indi
ating very similar temperatures of the 
omponents.The minima are not 
at-bottomed, and the overall variations are less than 0.3 mag in allthe bands, indi
ating a moderate orbital in
lination. Sin
e mu
h information is obtainedfrom observations of the e
lipses, we expe
t that the quality of determination of thegeometri
al and physi
al parameters of the system will not be as good as for systems withhigher in
lination. The beginning and end of e
lipses are barely visible in the light 
urve,whi
h may suggest a small over�lling 
on�guration for this system. With our observations,together with the histori
al data reported by Sokolovsky & Amirkhanyan (2006), we areable to 
onsiderably improve the period by means of the Fourier periodogram:P = 0.354632 � 0.000001 days (8h30m40:s2)�0 = HJD 2453999.06601 � 0.00001We analyzed our observations with the 2003 version of the Wilson-Devinney program(Wilson & Devinney, 1971; Wilson, 1990). We used mode 3, appropriate for over{
onta
tbinaries of this type, and adjusted the parameters shown in Table 3. As explained before,we have estimated the system as a G6 V MK spe
tral type, so we 
an set the mean ef-fe
tive temperature of star 1 equal to 5600 K. Unadjusted parameters su
h as the gravitydarkening exponents and bolometri
 albedos were set to their theoreti
ally expe
ted val-ues for this type of star. Limb darkening 
oeÆ
ients were taken from the tables presentedby Van Hamme (1993). Only the prin
ipal parameters were iterated: phase of the pri-mary 
onjun
tion �0, in
lination i, average temperature of the se
ondary star T2, surfa
epotential 
1 = 
2, mass ratio q, and relative mono
hromati
 luminosity of the primarystar L1 in the B; V;RC and IC bands. Figure 1 shows the best �t to the BV RCIC normal-ized 
ux versus phase. The geometri
al representation is given in Figure 2. This is ourbest �t, obtained after a deep sampling of a large range of parameters. However, furtherphotometri
 and spe
tros
opi
 observations 
ould be useful sin
e a

eptable �ts 
an be
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Figure 1. Comparison between theoreti
al (lines) and observed (
ir
les) BV RCIC phase diagrams

Figure 2. Geometri
al representation of USNO-B1.0 1323-0548678 during the maximum (left) and these
ondary minimum (right). It is worth to note the small �lling fa
tor (' 1:1%).
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Table 3 Adjusted Parameters from the Wilson-Devinney 
odeParameter Value Std. Error*i 63:Æ7 0:Æ6T1 5600 K (assumed)T2 5428 K 32 Kq =M2=M1 5.009 0.031
1 = 
2 9.157 0.013L1(B) 2.607 0.046L1(V ) 2.535 0.033L1(RC) 2.494 0.027L1(IC) 2.463 0.027L2(B) 9.317 0.085L2(V ) 9.452 0.076L2(RC) 9.531 0.062L2(IC) 9.593 0.065rpole1 0.2337 0.0002rpole2 0.4881 0.0002rside1 0.2432 0.0002rside2 0.5312 0.0002rba
k1 0.2764 0.0002rba
k2 0.5540 0.0002* Formal errors from the di�erential 
orre
tions solution.

a
hieved for a large range of mass ratio values, thus resulting in signi�
antly di�eren
esin the other parameters.Our solution indi
ates that USNO-B1.0 1323-0548678 is a W-type W UMa 
onta
tbinary: the primary minimum 
orresponds to an o

ultation e
lipse of the larger se
ondaryin front of the smaller primary 
omponent (using the de�nition of 
omponents requiredby the W{D 
ode). These variables usually have surfa
e temperatures equal or less than6200 K, in agreement with the estimate obtained 
onsidering the interstellar extin
tion.The temperature di�eren
e between the two 
omponents is relatively small ('170 K) andthis is in agreement with a good thermal 
onta
t. Like many W-type systems, also thissystem shows rapid 
hanges within the two observed light 
urve maxima.
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