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Abstract. Direct I andV-band imaging of Agl X-1 in quies- Cassegrain focus of the ESO 3.6-m telescope at La Silla, us
cence and during outburst maximum shows that the true optiedloral/Lesser CCD (#40) with 1bpixels, yielding a projected
counterpart is the interloper located 0/48/est of the previ- pixelsize of 0.157. Conditions were clear, the seeing wdddr
ously known star. We find for the new counterpidrt 21.6 and theV frames and 0.8for the I frames. After standard MIDAS
V —I=2.2inquiescence, when its contribution to the total liglhteduction procedures, the mediariédnd/ frames were mea-
was 12% inV and 22% inl. Analysis of this photometry and sured using the DAOPHONISTARoutine of Stetsori (1987). A
of low-resolution spectra of the sum of both stars, also takelean point spread function (PSF) profile was derived from thr
during quiescence, shows that the likely spectral types for thearby isolated stars after three neighbour-removing iteratio
previously known star and the optical counterpart are late G ahslo comparison stars, C1 and C2, situated (1R,8.7’S) and
late K, respectively, reddened (B — V') = 0.5+0.1. (14"N, 25’S) respectively from Agl X-1, were used to deriv
the V' and I magnitudes. Their Johnson-Cousins magnitud

Key words: stars: binaries: close — stars: individual: Agl X-1 -measured at Observatoire de Haute-Provence with the 1.
stars: neutron — X-rays: stars telescope, ar& =17.48,1 =16.12 for Cl and/ =17.42,] =
16.29 for C2 (Chevalier and llovaisky 1999c). We estimate t
accuracy of these magnitudes to be 0.05 mag in each band.
Aclose-upview (10x10”) intheI-band of the stars around
Aqgl X-1 (stara) is shown in Fig. 1a while Fig. 1b shows th
RecentK -band imaging with Keck | of the transient low-mas§ame image after subtraction of the PSF profile at the locati
X-ray binary Aquila X-1 (= V1333 Ag|) has resolved V1333 Aglof starsa, b andc, revealing the interloper star in addition to
into two stars lying approximately along the east-west directi@tard. TheNSTARitting process, which treats the positions a:
and separated by 0.4€Callanan et al. 1999), the easterly stanput parameters to be optimized, was incomplete at this po
contributing 60% of the combined flux &t. Observations in the as the subtracted image shows strong residuals, including
z-band (1.0%) indicated also that the easterly star was “some- An estimate of the goodness of fit can be derived from t
what bluer” and they speculated that it might be the true optidzarameters CHI and SHARP produced by M&TARroutine.
counterpart of Agl X-1. CHI is the ratio of the observed pixel-to-pixel scatter in th
In 1999 we obtained andI-band frames of Agl X-1 both fitting residuals to the expected scatter based on the value

in quiescence and during outburst maximum with EFOSC-2rgad-out noise and gain, and should not exceed unity if the fi
the ESO 3.6-m telescope. We present here the results of 8a9d. SHARP measures the difference between the half-wi
photometry and of our EFOSC-1 spectroscopy, and we shathalf-maximum for a star and that for the PSF and is close
that the westerly star is the true counterpart. zero for isolated stars. When only star$ andc were included
in the fit (Fig. 1b), stam yielded CHI = 4.62 and SHARP =
0.027, indicating a poor fit.
Fig. 1c shows stad which is left after subtraction of stars
2.1. Quiescence a, e, b, ¢ and Fig. 1d shows the cleaned image after removi
) . ] the profiles fitted ta, b, ¢, d, ande. Inclusion of stae (Fig. 1d)

Three dithered 5-m|M-band exposures 'and 3 dlthered' S-Migh, the fit yielded CHI = 0.85 and SHARP = 0.007 for both star
I-band exposures (usmg actL_JaIIy a Guriiiter) were obtained ande, showing a good fit. The same procedure was appli
on 1999 April 9 with the imaging spectrograph EFOSC-2 at thg the medianed” frame. The final results of th§STARpho-
tometry are given in Table 1. The main sources of the err
b?'g/rgn in Table 1 are the uncertainty on the absolute calibrati
zero-point) of the comparison stars C1 and C2 (color ter

1. Introduction

2. Photometry
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Fig. 1. alLeft panel:A close-up view of our medianeliband frame, taken with EFOSC-2 at the ESO 3.6-m telescope on 1999 April 9, showing
a 10’ x 10" field around Agl X-1 (0.157/pixel). The FWHM for the image profiles is 0"8Stara was previously believed to be the optical
counterpart of this recurrent transient. The image is reversed with North at the bottom and East totifgeladnd panelThe resulting image
after subtraction of the cleaned third-generation PSF profile fitted tostaendc. A new object, stae, is now clearly visible but the residuals
indicate a poor over-all fit due to the presence of starThird panel:Here star has been included in the fitting process and subtracted out
with an immediate improvement in the residuals. Only gtaemains.d Right panel:All stars have now been removed and the residuals are
very small.

Table 1. Photometric results from PSF fitting using DAOPHOTST AR

Star separation \% I VI (V-1 Sp.Typé
(@) (mag) (mag) (mag) (mag) (Class V)

a 0.00 19.42- 0.06 18.02+0.06 1.404+0.09 0.75 F8-K0

b 2.30 21,14+ 0.06 19.66-0.06 1.514 0.09 0.86 G6-K2

c 2.87 22.75£ 0.07 20.62:0.06 2.13+0.10 1.48 K5-K7

d 1.78 24.63£0.34 22.07+0.09 2.56+0.35 1.91 K7-M3

e 0.48 21.60t 0.10 19.37/4+0.07 2.23+0.12 1.58 K6-MO

& de-reddened using(V — I) = 0.65 (see Discussion)
P derived from the colors computed by Besdell[(1990) for Vilnius spectra

are relatively small) and the error on tN& TAKitting for stars O
e andd. These determinations are of much better quality th 0
our previous estimates (Chevalier and llovaiSky 1999a) bas
on the 1989V-band frames which were obtained with a seg
ing of 1.2-1.3 and a projected pixel size of 0.330n these
frames stad was undetected and the magnitude of starhich
appeared as a faint residual aftl¢BTAR(itting to thea, b, ¢
group of stars, was underestimated. Under these conditions,
measured magnitude for starl” =19.26, is an overestimate b
0.1-0.15 magnitude due to the contamination by stand by
the surrounding objects. Measurements obtained with smaller
telescopes are affected in a similar fashion, depending on t@ 2. The 1-minI-band CCD image obtained near outburst maxi-
projected pixel size and seeing. mum on 1999 May 21 with EFOSC-2 is shown as a positive print and
the image corresponding to quiescence (Fig. 1a) has been aligned and
overlayed as a negative print (field size and orientation are the same as
2.2. Outburst in Fig. 1a). The seeing for the two frames was different. Note how the

. image of the object in outburst is clearly shifted to the West relative
During early 1999 May, the source started a new outburst (.J% he image in quiescence, showing that starf Fig. 1b is the true

et al.[1999, Chevalier and llovaisky 1999b) and on May 28 ical counterpart of Agl X-1.
near outburst maximum, we secured 1-min CCD framek in
and I with EFOSC-2. The FWHM of the image profiles was

1.1%in L. !nspectign OT the f“”_‘mes showe(_i that the_ ba}rycem&érived byNSTARfrom the quiescent frames. From the posi-
of the variable object image in outburst did not coincide with, s of eight near-by objects we find that the variable object is

the position of stau. We analyzed the outburst frames with,~tad—0 05+0.03' in fight-ascension and0.03+0.06" in
DAOPHQT using as a starting point the table of star positiong,q|ination from the position of star which is located 0.48
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Fig. 4.Result of the subtraction of the synthetic G8V spectrum (derive
from our observed spectra as described in the text) from the sum of st
a ande, dereddened bif(B—V') = 0.50. Also plotted is the spectrum
of a K7 V star (grey line), normalized to 12% of the sum at 5800
(See Fig. 3). The main emission lines are identified.

normalized flux (@5500A)
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times of 3600s and 2700s. The second 1989 spectrum was
derexposed and will not be discussed further. Weather con
tions were good throughout, with seeing of’1dnd 1.3 re-
spectively, and we used a slit width of ¥.55pectra of bright
stars of known spectral type from mid-GV to early MV (G3
HD 168402, G5: G 724.1, KO: HD 171982, K3: HD 87521, K7
4000 4500 5000 5500 6000 6500 G 747.3, MO: CD—36°6589) were also taken during the 1988

wavelength (A) run. All frames were wavelength-calibrated using He-Ar lam
spectra and flat-fielded using internal Tungsten lamp spectra &
#ere reduced using standard MIDAS procedures. The speg

corrected for different values of the reddeniag,B — V') =0.30, 0.45, were extracteq With, the_ MIDAS long-slit package and cqrrect
0.50 and 0.60, from bottom to top, and is normalized to 1.0 at g500f0r atmospheric extinction using average values for La Silla. T
The top three curves are each shifted vertically by 0.5 from the previcti@ndard star LTT 7987 (Stone and Baldwin 1983) was used
one for clarity. Also plotted are the different combinations, at 5500 relative flux calibration. The three spectra of Agl X-1, whic
as described in the text, of 88% of the spectrum of an earlier type di@ not show any significant differences, were then co-adde
(K3, K0, G8 and G5, bottom to top) and 12% of the spectrum of a K78ince our observed G8 V star (CB45°12143) turned out to
star (G 747.3), all taken with the same instrument. be of a KO type, we constructed a synthetic G8 V spectrum |
averaging our G5 and KO spectra.

The slit included both starg ande. As determined using

West of star: (Table 1). The lower signal-to-noise ratio in thesgaple 1, the flux coming from staris 12% of the total flux from
short exposures did not allow accurate photometry ofstart  starsq ande in the VV-band. To derive the spectral type of sta
subtraction of a PSF profile fitted to steshows a residual com- a, we constructed a set of temp|ate spectra by adding, to ea
patible with stara. On these images, stathasV' = 17.03 and of our observed spectra of known spectral type, normalized
V' — I =1.03, with a slight contamination from Fig. 2 shows (.88 at 550@, the observed K7 or MO spectrum, normalized
the same field of view as Fig. 1 with the outburst frame showg .12 at 550G (see Table 1 and also the Discussion). We ay
as a positive print and the quiescent frame overlaid as a negafiyied different corrections for interstellar reddening to tted)
print. The image in activity appears shifted by 0:42.03' to  spectrum, corresponding f&(B — V) from 0.3 to 0.6 and nor-
the West from the position of star as measured in quiescencemalized the de-reddened+e) spectra to unity at 5508. This
assumes that both stars are reddened by the same amount
Discussion). We then compared the set of de-reddened obse
(ate) spectrato the set of template spectra. The template spe
We obtained several spectra of Agl X-1 in quiescence with tiecluding an MO component were rejected since they exhibite
imaging-spectrograph EFOSC-1 at the Cassegrain focus of tesidual TiO bands which do not appear in the obserued)(
ESO 3.6-m telescope. They were taken through the B300 grispectrum and thus are not shown here. The absorption feat
and cover the range between 3g5@nd 6850A. Two spec- of the observedd+e) spectrum, in particular the G-band of CH
tra were obtained during the night of 19 May 1988 with 7 ()\)\4290—4314’\), are only compatible with a late G or early K
resolution (using CCD #11) and exposure times of 3600s atyghe for stara.
4200s. Two more spectra were obtained one year later on 8Fig.3 shows four different template spectra (K3+K7
May 1989 with 3.5A resolution (using CCD #8) and exposur&k0+K7, G8+K7 and G5+K7) (grey curves) together with the

0.5

Fig. 3. Results from ESO 3.6-m EFOSC-1 spectra taken in 1988 M
19 and 1989 May 8. The spectrum of the sum of séanrde is plotted

3. Spectroscopy
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average d¢+e) spectrum de-reddened withi(B — V') = 0.3, Table 2. Derived colors and spectral types for stafrom assumed
0.45, 0.50 and 0.60, values selected to give a best fit to the tesadues for stan

plate spectra. The depth of the Mband at\5175A (which
was the only late-type feature in the first quiescent spectrum stara stare

published by Thorstensen et al. 1978) and of the TiO bandaasumed  assumed derived derived
M954A increase with later spectral types and are too strof@.Type (V- K), (V- K), Sp.Type

in the K3+K7 combination. Thesfte) de-reddened energy dis- G5 1.49 3.22 K7
tributions for E(B — V') = 0.60, 0.50 and 0.45 match almost G8 1.63 3.36 K7-K8
equally well the G5+K7, G8+K7 or the KO+K7 composite tem- KO 1.83 3.56 K8-M0
plates, respectively, although there are differences at the blue
and red ends. . .
starsa ande (Gray 1992) and takingly = 3.1 x E(B - V),

G8 In Figt]. 4 we show éhte res;lt of tiubtrfcting th[e syn(‘;hetﬁ;]e magnitudes of Table 1 yield distances of 2.6 and 2.5 kpc, re-
spectrum, assigned to starfrom the @-+e) specirum, de- spectively, in agreement with the assumption of equal amounts

reddened fo(B — V) = 0.50. This should approximate theof reddening for both objects. For a galactic latitude-@f1°,

spectrum of stae. Also shown (grey line) is our observed K7 : . :
; o . such distances put the objects 180 pc below the galactic plane,
V spectrum, normalized to 0.12 at 5580The main features P J P 9 P

S o beyond most of the absorbing layer. The low-energy X-ray ab-
of this difference spectrum are the emission lines af H/3 sorbing column densities in the line of sight to Agl X-1 reported

'E;vealfer) ??d callk art1'd |—t|)(+|a WISi%T;:\ppear strort1g glthloughby Verbunt et al.[(1994) and Zhang et al. (1998) correspond to
€ signal-io-noise ratio below N OUr Spectra 1S Tow. calor excessef (B — V) of 0.59+0.1 and 0.49+0.1, respec-

Emission at H is barely detectable and no emission is detect? ; .
o . . o~ tively (using the relation of Ryter et al. 1975). These values are
at Herr M686A. The slight deficit between 4400 and 5080 Com%;tibl i i st tond %’;re )

may be of instrumental origin.
Our spectrum is different from that taken by Garcia et al. _
(1999) when the sum of Aql X-1 plus starwas more than - Conclusions

half a magnitude above quiescente< 18.68), and which dis- \ye have shown that the true optical counterpart of the Aquila
plays aricher emission-line spectrum, includingiH®4686A,  x_1 recurrent transient is the interloper reported by Callanan et
a consequence of X-ray heating. al. (1999), located 0.48West of the star previously assumed
to be the candidate, now an ordinary mid to late-G type star.
Photometry and low-resolution spectroscopy obtained in quies-
cence give for the new counterp&dft=21.6 andV’ — I = +2.2
The absorption features present in our spectrum of the sufid suggest a star of K7 V spectral type, reddened @y — V)
(a+e) indicate a spectral type for starbetween mid-G and =0.5+0.1 and located at 2.5 kpc. This makes Agl X-1 similar to
KO, reddened by¥(B — V) = 0.5+0.1. UsingE(V — I) = mostother soft X-ray transients which have late K (or MO) com-
1.3x E(B—V) (Dean, Warren and Cousins 1978) and the sarpanions. We defer examination of the consequences of this new
amount of reddening’(V — I) = 0.65 & 0.1 for starsa, b, ¢, identification on existing optical photometry to a forthcoming
d ande, we obtain the estimates, listed in the two right-hangkticle (Chevalier and llovaisky 1999c).
columns of Table 1, for the de-reddened color ind&x— I)
and the corresponding ranges of spectral types using the Coﬁgﬁerences
computed by Bessell (1990) for Vilnius spectra.

The magnitudes listed in Table 1 correspond to the flux ratiBgssell, M.S. 1990, PASP 102, 1181
f(e)/f(a) = 0.135 or f(e)/f(e + a) = 0.12 in the V-band CaIIane_m, P., Filippenkp, A.V. and Garcia, M.R. 1999, IAUC 7086
andf(e)/f(a) = 0.29 or f(e)/f(e+a) = 0.22 in the I-band. Chevalier, C. and llovaisky, S.A. 1999a, IAUC 7093

: . Chevalier, C. and llovaisky, S.A. 1999b, IAUC 7171
0, 1 ’ ’
According to Callanan et al. (1999), stacontributes 60% of Chevalier. . and llovaisky. S.A. 1099¢. (to be submitted)

the combined flux from the painge) at &, which gives a flux noan 3 F Warren, P.R. and Cousins, W.J. 1978, MNRAS 183, 569
ratio f(e)/ f(a) = 0.67 and a magnitude differenc®X’c_. =  Garcia, M.R. et al. 1999, ApJ (in press)
K(e)—K(a) = 0.45.IntheV-bandwe findAV._, = V(e)~  Gray, D.F. 1992, in “The Observation and Analysis of Stellar Photo-
V(a) = 2.18. Combining both results yields the difference in  spheres” (2nd edition), Cambridge University Press, Cambridge,
V — K color between the two stard(V — K),__, = 1.73. p. 431

Assuming a similar amount of reddening for stamndae, Jain, R.etal. 1999, IAUC 7161
we derive the intrinsi¢V — K) color and spectral type for starJohnson, H. 1966, ARA&A 4, 193
e as a function of the intrinsi¢V — K) colour and spectral RYter. Ch. etal. 1975, ApJ 198, 103

. . ; . tetson, P. 1987, PASP 99, 101
type assumed for star, using the main sequence calibration o tane. R.P. and Baldwin. J.A. 1983, MNRAS 204, 347

Johnson/(1966), and these are shown in Table 2. These deteﬁ'ﬂb’rstensen, J., Charles, P. and Bowyer, S. 1978, ApJ 220, L131
nations are compatible with tHé and/ photometric results of verpunt, F. et al. 1994, A&A 285, 903

Table 1 and with a color exce$ B — V') = 0.5£0.1. Assum- Zzhang, S.N., Yu, W. and Zhang, W.1998, ApJ 494, L71
ing absolute visual magnitudes 6fy, = +5.8 and+8.1 for

4. Discussion
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