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Abstract. We present imaging of the host galaxies of. Introduction
H 0414+009 and OJ 287 taken during the commissioning phaﬁ%s

of FORS1 at the VLT-UT1. The host galaxy of H 0414+009 is | "¢ focal reducer and low dispersion spectrograph (FORS1
well resolved in R and I, and marginally resolved in B. Baset € YLT—QTl offgrs a ywde .varlety of ob_servmg modes. O
on our 2-dimensional modelling, it is a large and very Iumi_partlcular interest is the imaging mode, which allows exposur

nous elliptical galaxyNIzr= —24.6,r.= 35 kpc) with colours tai‘rsndeeﬁg‘;?f :—|ub|b |eaE:tergpt:\:llee|]fi \rN'tth '3 ri?w as&naﬁlesltnteglg;i:
commonly found in elliptical galaxies (BR ~ 1.45 and R-I ©s. S also c or studying the host ga

~ 0.45). The results are consistent with previous findings. of active galactic nu_clel_(AGN) at highest r_edshlfts. For th.
urpose, the determination of the proper point spread functi

The host galaxy of OJ 287 is marginally resolved. A dEF’SF) is always critical. It may vary across the field and hen
Vaucouleurs profile s slightly preferred over a disk-type profil affect the decomposition of the observed flux distribution int

If true, the host galaxy is luminoudi{zr= —23.4), compact{=

4.4 kpc) and has a small offset to the south with respect to th _and host gal_a Xy leading to uncertain results. _Naturall
. L ; . : nowing the behaviour of the PSF already in advance is essen
active nucleus. This is consistent with the results obtained

Sillanpéé et al. (1999), but different to the findings by Wurtz ec}/prepare and carry out subsequent observations according
al. (1996) and Yanny ét al. (1997) During the commissioning phases | and Il of FORS1 ok
The analysis of the marginally resolved host galaxies w grva’uons of the BL Lacertae objects H 0414+009 and OJ 2

) . ; . ve been carried out. Both are at similar redshifts (z = 0.2
complicated by a point spread function (PSF) varying acrolsogr H 0414+009 (Halpern et al. 1991) and z = 0.306 f(()r 03 28
the field. Consequently, better results were obtained wh ' '

using a PSF which varies with field position as compared to{%}ic.k(':'I et al..1989) and their host galaxies have been studied
constant PSF. This is possible as long as a sufficient numﬁ%'?s'vely during the Ia;t years. The ho;tgalaxy of H.0414+0
Id be well resolved in all cases and its morphological paral

. . . .C
of stars is present on the images. Masking the central reglo%'rs could be determined (e.g. Falomo & Tanzi 198Hardy

mostly affected by the PSF errors may also improve the resug%al. 1992, Wurtz et al. 1996, Falomo 1996). On the other ha

Based on our experience we describe precaution which %S tothe highly dominating contribution of the AGN, the natur

to be taken for FORS1 observations and subsequent analysi ) .
of marginally resolved targets such as AGN host galaxies \.:J?rt € host galaxy of OJ 287 is poorly understood and discus

. controversially (e.g. Stickel et al. 1993, Wurtz et al. 1996, Be
planetary nebulae around young stellar objects. itez et al. 1996, Yanny et al. 1997, Wright et al. 1998, Silknp
et al. 1999).

. . . o .. Inthe following, observations of these two BL Lac object
Key words: methods: data analysis —galaxies: actlve—gaIaX|e%t

BL Lacertae objects: individual: H 0414+009 — galaxies: BP ained during the commissioning phases of FORS1 will §

. S . used to pinpoint and quantitatively understand the behavi
Lacertae objects: individual: OJ 287 — galaxies: photometry of the PSpF. Q/Vhile the (fqrames of Hy0414+009 and comparis

with previous results will be used to check the reliability of ou
analysis, the images of OJ 287 will be taken as a test case
disentangling faint features close to bright point sources usi
PSFs constructed in various ways.

Send offprint requests td. Heidt (jheidt@Isw.uni-heidelberg.de)
* Based on observations made with the VWIT1, operated on
Cerro Paranal (Chile) by the European Southern Observatory
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2. Observations and data reduction observed during the night were used to measure the zero points.
he frames of H 0414+009 have a FHWM df24, 118 and

The observations of H 0414+009 have been carried out wi },104 in B, R and | band, respectively

FORS1 mounted at the cassegrain flange of VUIT1 (Antu)

during commissioning phase | on the night September 27/28 .

1998. FORS1 was equipped with a 2K TEK CCD (2pixel) S Data analysis and results

providing a field of view of 68 x 6!8 in standard resolution 3.1. The point spread function

mode (02/pixel). One image of H 0414+009 in Bessel B, R o o ) )

and | filter each was taken with exposure times of 600, 300 ahg€® Most critical issue when deconvolving images into bright

300 sec, respectively. point sources and f_alnt fea_ltures such as ga_IaX|es is the choice of
The observations of OJ 287 were taken with the same sef{lf ProPer PSF. This was important for ourimage of 0J 287 and

during commissioning phase Il on the nights December 23/34¢ B-band image of H 0414+009, where the host galaxy was

26/27 and 27/28 1998. Altogether 9 images with a total integr@@rdinally resolved as opposed to the R and I-band image of

tion time of 865 sec were taken. Since some of the images w&t@414+009. To overcome this, we used 28 stars in the field of

acquired for follow-up spectroscopy, OJ 287 was observed(Pn]_ 287 and 10 star_s in the field of H 0414+009 roughly spread
three different position angles. uniformly over the field, both saturated and unsaturated, to con-

The individual frames were first corrected for bias. The copt'UCt @ PSF. The unsaturated stars were used for both, the core
n@hd the wings, while the saturated stars were used for the wings

problems. Due to the test character of the commissioning rufs e PSF only. The PSF was constructed using DAOPHOT
sufficient twilight flats had not always been taken during tH&onstant PSF hereafter). Since we wanted to test, if there are
nights of the observations of the BL Lac objects. Additionallfh@nges of the PSF across the CCD, we used DAOPHOTS abil-
the CCD suffers from a condensation on its surface due to ofiY- ©0 Make a PSF that changes over the field (varying PSF
gasing material inside the CCD. This leads to a flatfield pattffréafter). For that procedure we assumed that the PSF varies

that is variable on timescales of weeks. Therefore we usedngarly across the field. The reliability of our procedure was

dedicated strategy to correct for pixel-to-pixel variations acro&sted by subtracting both PSFs from various (but never satu-
ted) stars across the CCD on the image of OJ 287 and the

the CCD. First, we created a flatfield for correction of the small® h A
scale pixel-to-pixel variations using twilight flats taken durin§-Pand image of H0414+009. Subtracting the constant PSF re-

the individual commissioning run (lasting three weeks eachylted always in an oversubtraction of the flux towards the edges
closely to the BL Lac observations. Then we created a “scie the CCD and an undersubtraction towards the center of the

flat’ by a medianed and smoothed stack of a sufficient numkE\PD relative to each individual star. This effect showed an ra-

of well exposed science frames in other fields taken during tii&! dependence for the stars, i.e. it was more pronounced with

nights of the observations of the BL Lac objects. Before this tiféfréasing distance from the center of the CCD. Contrary, the
science frames were corrected for small-scale pixel variatio&'ying PSF made always much lower residuals without any
Finally, the combination of the twilight flat and the science fidfdial dependence. However, in neither case we were able to
was used as “superflat’ to correct the frames of the BL Lac ofake a perfect subtraction showing that the results of our fitting
jects. They were flat to within 0.5% or better. We justified ogirocedure to the marginally resolved host galaxies should be
procedure by reducing images of other science frames tak@igrpreted with caution. Finally we tested, if our aligning pro-
during the same nights. In all cases our “superflat” provid&&dure of the individual images of OJ 287 introduced additional
satisfying results. Moreover, in neither case we found residu}@iations of the PSF. We created and subtracted constant and
of the variable flatfield pattern. We exactly repeated our flafdriable PSFs within two individual images of OJ 287 rotated
field procedure for other nights throughout the observing rultth respect to each other as described above and found quali-
and found again our new created “superflat” for each individutively the same behaviour as in the summed image. Therefore
night to be very good. we decided to use a varying PSF for further analysis of OJ 287.

We used the IRAF tasks GEOMAP and GEOTRAN to a"gﬁ\lthough our test indicated that a varying PSF might also be
the images of OJ 287. 20 unsaturated stars in the field wfgter for the images of H 0414+009 our initial fits to the BL
used to map the transformation needed to bring all the imadé Showed that even the varying PSF lead to unreliable results
to the same position and orientation. The tasks also correcfadhe B band (for example large decentering of the host with
for the low-order geometric distortion of the fiele 0.16% in respect to the core). A better result was obtained b_y creating a
the corners of the CCD). After the transformation of the imag&s>F USing the 4 closest stars to H 0414+009, which we used
to common coordinates, they were summed. The FWHM in tHaereafter for all images of H 0414+009. We conclude that 10
final frame is 076. Since the observations of 0J 287 were tak&'s in the field of H 0414+009 are insufficient to characterize
under partly non-photometric conditions, the photometric zeli® variation of the PSF over the field.
pointwas determined from the comparison stars in the field from
Fiorucci & Tosti (1996). 3.2. The fitting procedure

The datataken of H 0414+009 were taken under photometric

observing conditions. Here standard stars from Landolt (198 e image_s of the BL _Lac objects were decomposed into an
AGN described by a point source and a galaxy (de Vaucouleurs

rection for the pixel-to-pixel variations of the CCD caused so
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Table 1.Results of the fits to the images of the BL Lac objeBtsis for a central mask with radius of 3 pixels. The results for OJ 287 are giv
for a central mask with radius of 4 pixels.

1) 2 ©) 4 ®) (6) () ® © 10 11y @12
Band MOdel Mecore Mpost Mhost Te ["] Te [kpC] € PA A [mag] K-corr. X?ﬂed

H 0414+009

B deVauc. 17.84 19.88 —23.37 114 66.7 0.40 65 0.62 1.16 112
disk 17.83 20.80 —-22.19 3.9 22.6 0.34 67 0.62 0.90 111
B* deVauc. 17.85 20.12 —23.13 5.9 34.5 035 75 0.62 1.16 1.06
R deVauc. 17.16 17.45 —24.57 6.1 35.6 032 79 0.41 0.14 1.42
disk 17.09 18.07 —-23.95 3.5 20.6 029 78 0.41 0.14 1.79
I deVauc. 16.69 16.72 —25.00 6.0 35.2 0.36 80 0.25 0.00 1.23
disk 16.62 17.34 —24.38 3.3 19.4 0.33 80 0.25 0.00 1.58

OJ 287

R deVauc. 15.71 1841 -2341 0.72 4.4 0.16 26 0.04 0.14 3.75
disk 15.64 19.32 —-22.50 1.68 10.2 0.20 22 0.04 0.14 4.99

or disk-type) by means of a fully two-dimensional fitting proprofile (with the masked region in B and without masking in
cedure (see Heidt et al. 1999 and Nilsson et al. 1999 for falhd I). Clearly, to justify that procedure, realistic simulations
details). The results of our fits to H 0414+009 are summarizéfte PSF changes over the field and analysis of the resulting
in Table 1. Column 1 gives the band used, column 2 the galassyors are required.
model followed by the magnitude for the core, the host and the The host galaxy of H 0414+009 is very bright with abso
absolute magnitude of the host in columns53 respectively. lute magnitudes 0f23.13,—24.57 and-25.00 in B, R and |,
Columns 6 and 7 give the half-light radingn arcsec and kpc respectively. Its colours are-BR ~ 1.45 and R-| ~ 0.45. The
and column 8 and 9 the ellipticity and the position angle dfost is also very large.~ 35 kpc in all bands. Remarkably, it
the host. Column 10 reports the galactic extinction estimathds a large ellipticity between 0.3 and 0.4 in all filters. The a
from Burstein & Heiles (1982) and column 11 the K-correctionmuthally averaged tdimensional surface brightness profile
adopted from Bruzual (1983). Column 12, finally, shows thees well as the model profiles for B and R are shown in Fig.
goodness of our fits. Based on our modelling with different masked regions we es
In R and | a de Yucouleurs profile is preferred over a diskmate an error for the photometry €f0.1 mag for the resolved
type profile, whereas in B band neither type is preferred. Fumages of H 0414+009 in R and | and an error for the half-lig
thermore, the results for the half-light radii differ significantlyadius of~ 10%. For the marginally resolved host galaxy in
between B and R (and I). This is most likely due to the PSF éhe error grow up te- 0.3 mag for the photometry and 30%
rors, which are affecting the fits more strongly in the marginalfpr the half-light radius.
resolved host in B. To eliminate this, we masked the central The decomposition of the image of OJ 287 was very difficu
region with a radius of 3 pixels and fitted again (note that nosece on some of the individual images of OJ 287 the cent
of the images of H 0414+009 was saturated or close to satypaels (up to 6—-10) were saturated or close to saturation (
tion). The results are also displayed in Table 1 (B8%. Now never bleeding). In order to avoid unreliable fits due to overe
the hostisv 0.25 mag fainter and its half-light radius similar tqposed pixels (or those within the non-linear dynamical rang
the values found for R and I. Of course, this procedure mustwe masked the central part with radii of 2, 3, 4 and 5 pixels, r
treated with caution. Masking the central pixels results in lospectively, before fitting. Our results indicated that a mask wi
of information in a region, where the signal of the host galaxy fadius of 4 pixels is more than sufficient. The results of our fi
strongest. On the other hand, the host/nucleus ratio is weakesDJ 287 for that mask are given in Table 1.
there, so even small errors in the PSF are large compared to theSimilarly to H0414+009, a de Vaucouleurs profile is slightl
host signal. We believe that masking the region, where the P@Eferred over an exponential profile although neither of t
errors dominate and fitting in the region, where is host/nuclefis is satisfying. As already discussed for H 0414+009 this
ratio is not too weak results in more reliable parameters. A cruamst likely introduced by the PSF errors. Adopting again
justification of our procedure comes from the reanalysis of ode Vaucouleurs profile as the “correct” representation of t
R and | image of H 0414+009, where we also masked the cextended flux, the host of OJ 287 is very bright£= —23.41)
tral region with a radius of 3 pixels. The differences to the fisnd compact.= 4.4 kpc) with moderate ellipticitye(= 0.16).
without mask are smalk- 0.03 mag for the host and the corélhe errors are- 0.3 mag for the photometry and30% for the
and ~ 4 pixels for the half-light radius. Since most (perhapisalf-light radius similarly to the B band image of H 0414+00
all) of the BL Lac objects are hosted by elliptical galaxies wéhe azimuthally averaged—dimensional surface brightnes
use in the following the results of the fits with a de Vaucouleupsofiles and the model profiles are shown in Fig. 1.
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Fig. 1. Azimuthally averaged +dimensional surface brightness profiles of H 0414+009 in B (central mask with radius of three pixels) and R
and of OJ 287 (central mask with radius of 4 pixels) in R (open circles) compared to the model fits. The short-dashed line give the core (sca
PSF), the long-dashed line the convolved de Vaucouleurs profile and the solid line the sum of both.

Table 2. Results of the fits with a core + de Vaucouleurs model 1 ;-
the comparison stars in the field of OJ 287 to determine the reliabil
of our results of OJ 287. Stars C1 and C2 are from Fiorucci & Tos
(1996). For comparison the results of OJ 287 are given. The lastt;; !
columns give the goodness of fit for the core + de Vaucouleurs mo:
(2—comp) and the pure core modeHtomp). See text for details.

ObjeCt Meore Mhost Te € Xzed X?‘ed
[ 2—comp 1-comp
0J287 1571 1841 0.72 0.16 3.75 20.8
C1 15,57 2042 158 0.40 1.75 2.95
c2 1577 1951 0.66 0.25 1.92 4.30
S1 16.24 1950 0.40 0.46 4.15 5.18

How reliable are ourresults? As a check, how “bright” galas
ies the PSF errors would produce for a stellar object of simil;
brightness, we fitted two different models (one model with pu; s
core and another with a core + de Vaucouleurs profile) to thr:, #;;'3‘-* &
stars in the field which are of similar brightness as OJ 287 a: o
within 15 of it. Again we used a central mask with a radiu’ =
of 4 pixels and the varying PSF. The difference of the good-
ness of the fit between the two models indicates, whether ffig. 2. Top: Observed images of OJ 287 (left) and comparison star C2
host galaxy of OJ 287 is resolved, while the magnitudes of t&ht, from Fiorucci & Tosti 1996). C2 has similar prightness as the
spurious “galaxies” around the stars give an upper limit of t1f8"¢ of OJ 287. Bottom: Same images after subtraction of a scaled PSF

detectability of galaxies on top of bright sources on our imagi‘i? determined from the model fit with a pure core model (varying PSF).
. - ote the much higher residual light close to the center of OJ 287 as
of OJ 287. The results are given in Table 2.

S | Its f ble 2 f h dcompared to the comparison star C2, which we interpret as the host
everal results from Table 2 seem to confirm that our &élaxy. The well known companion galaxy 3o the north is also

tection of the host galaxy of OJ 287 is real. First, the goodn€gsipie. North is up, east to the left. Field is’26& 20”.

of the fit improves much more when going from the core to

the core + de Vaucouleurs model of OJ 287 as compared to the

stars. Next, the host galaxy-is1.1-2 mag brighter as the spuri-of the scaled varying PSF as returned from the fit with a pure
ous “galaxies” around the stars. The detection limit for galaxiesre model.

on top of bright point sources is 19 mag. Additionally, the

spurious “galaxies” have high ellipticities, indicating that the , . .

are just PSF residuals. Final support for the reality of the h(%{s'tDISCLISSIon and conclusions

galaxy can be gained from an inspection of Fig. 2, where Wée host galaxy of H 0414+009 has been studied extensively
show the images of OJ 287 and the comparison star C2, whigtthe last years. Already Falomo et al. (1990) noted the pres-
is of similar brightness as OJ 287 before and after subtractience of an elliptical nebulosity out t&'3 around the BL Lac.




J. Heidt et al.: The host galaxies of H 0414+009 and OJ 287 L
Subsequent studies by Falomo & Tanzi (1991) &fftHardy et morphological parameters was possible up to now. Neverthelg
al. (1992) confirmed the elliptical nature of the host galaxy #fie different results obtained from ground and with HST sti
H 0414+009. Excellentimages of H 0414+009 have been talank explanation.
by Wurtz et al. (1996), who determined= 5’7 andm, = 17.71 The deep image of OJ 287 image allows us to comment
and Falomo (1996), who determineg 5’0 andm z=17.7. Our the nature of the “optical” jet proposed by Benitez et al. (1996
fits also indicate that the host galaxy of H 0414+009 is ellipticaAll its components (labelled AD in Benitez et al.) are easily
Withr.= 6’1 andmz=17.45we are in excellent agreement witlletected, well separated from each other and the brightnes
previous studies. As such the host of H 0414+009 is a very lange measured in good agreement. However, these componé
and luminous galaxyM z= —24.57 and:.= 35 kpc) roughly a are not co-linear with OJ 287 (especially component A deviat
factor of three larger and brighter than the typical BL Lac hostrongly). No emission between the components, which wo
(Mgr=-23.5;r.=10kpc; Falomo 1996, Heidt 1999). With-BR  be expected for a jet-like structure down to a limitof28
~ 1.45 and R-| ~ 0.45 the colours of the host of H 0414+009nag/sq. arsec can be found. Therefore we favour a chance
are consistent with those of normal elliptical galaxies (Peletiperposition of galactic stars (components B and C are pointlik
et al. 1990, Goudfrooij et al. 1994). and galaxies (components A and D are clearly resolved) inste
The host galaxy of OJ 287 has also been studied extensively presence of an optical jet. Such a scenario has already b
inthe last years. Due to the highly dominant core, the results aliscussed by Heidt (1996) from ground-based images. A simi
tained differ significantly. Stickel et al. (1993) described OJ 2&bnclusion have been reached by Yanny et al. (1997) from th
as slightly resolved, but were unable to determine morpholddST image. We note, that contrary to our data, they descri
ical properties. Wurtz et al. (1996) found OJ 287 also slightsomponent A as pointlike. Judging from their Figs. 1 and 3
resolved and gave = 1’2 andm, = 19.83, their fits prefer nei- appears that a diffraction spike running through component
ther an elliptical nor a disk galaxy. They noted an offset betwearay have affected their measurement. We also searched for
host galaxy and core to the west. Benitez et al. (1996) detectieal emission &0 to the west of OJ 287 reported by Benitez €
a nebulosity surrounding OJ 287, which they interpreted as thle(1996), which presumably coincides with radio emission d
host galaxy. They estimated a size of 38 kpc for the host galatgcted by Kollgaard et al. (1992) and Perlman & Stocke (1994
but do not comment on its morphological class or its magmdthough our image is at least as deep as the combined ima
tude. OJ 287 was also imaged by the HST in I-band (Yanoy Benitez et al., we do not detect any signs of emission. T
et al. 1997). They found an underlying nebulosity of ellipticas in agreement with Yanny et al. on theirl mag less deeper
shape and confirmed the offset found by Wurtz et al., but coutdage.
place only limits on the brightness of the host galaxy. Wright et The analysis of the data of the host galaxies of BL La
al. (1998) could resolve the host galaxy in only one of sevembjects taken with FORS1 at VLT-UT1 has shown, that the d
NIR images, but not in the optical. As the others, they failetbmposition into core (AGN) and host galaxy can be done r
to determine a morphological class. The best image of OJ A&bly for well resolved sources. Due to the varying PSF acro
taken under excellent seeing condition$ WHM) has been the field great care should be taken, however, for margina
obtained with the Nordic Optical Telescope (NOT) so far (Siktesolved targets such as AGN host galaxies or planetary dis
lanpaa et al. 1999). After subtraction of a scaled PSF the haabund young stellar objects. As long as a sufficient number
galaxy is clearly visible. Contrary to the claims by Yanny et attars is available a varying PSF can be used. When stars
and Wurtz et al., the host galaxy is extended to the south witfeaking, observations of dense stellar fields taken under si
small offset with respect to the core and appears irregular. Théssobserving conditions (airmass/seeing) before/after the targ
observations led Sillarga et al. to conclude, that for the analobservations may improve the results.
ysis of the host galaxy based on HST data the (very difficult)
PSF-subtraction produced residuals. These may have mimicR&inWledgementsiVe thank both of the anonymous referees for the
e.g. the offset to the west (we also note that the observationépﬁfr”d've comments, which clarified the presentation of the pap

is work was supported by the German Federal Ministry BMB
0J 287 by Wurtz et al. have been taken under moderate seelng grants 053GO10A, 053HD50A and 053MU104, the Deutsc

conditiqns 11 F_WHM))' . Forschungsgemeinschaft through FR 325/41-1 (KJ) and the Acade
Our image, which is even deeper than the NOT image, Byftrinjand (KN).

of less good seeing, basically confirms the findings of Siéé&np
et al. (see their Fig. 1). The host galaxy is clearly visible a
has an offset of~0’14 to the south. The small difference O?Qeferences

the position angle of the nebulosity to the south on the NQBenitez E., Dultzin-Hacyan D., Heidt J., et al., 1996, ApJ 464, L47
and VLT images could be due to the not perfect varying PS¥uzual G., 1983, Rev. Mex. Astron. Astrofis. 8, 63

Our model fits indicate, that de Vaucouleurs profile is slight%JrStein D., Heiles C., 1982, AJ 87, 1165

preferred over a disk-type profile although the fits are far fro a:gmg E-’ #zgsi' I';"('\;‘R'i‘ggzlsiﬁéz 1204

?eglng Satllsfacltory. If of elliptical type_, t_he host galaxy IS_ alomo R., Melnick J., Tanzi, E.G., 1990, Nat 345, 692

ypical luminosity of BL Lac hostsNIg= —23.41), but com Fiorucci M., Tosti, G.. 1996, A&AS 117, 1

pact .~ 4.4 kpc). The latter may be the main reason, Whyoydiroij P, Hansen L., Jargensen H.E., et al., 1994, A&AS 104, 1
no clear detection of the host galaxy and determination of thejgipern J.P., Chen V.S., Madejski G.M., et al., 1991, AJ 101, 818
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