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ABSTRACT

The nearby and luminous QSO 3C 273 was imaged in 2002 July with the High Resolution Channel (HRC)
of the Advanced Camera for Surveys (ACS) in coronagraphic mode in F475W (g), F606W (V ), and F814W
(I ) as part of the Early Release Observations (ERO) program. After subtraction of the remaining PSF of the
QSO, these images offer the most detailed view yet of the morphology and colors of the host galaxy of this
QSO. We find that the central light distribution is elongated along the jet axis and its outer edge is delineated
by an arc, centered on the jet at a radius of �2>6 from the QSO and bluer than the surrounding galaxy. This
system is embedded in an extended galactic halo. Compared with early-type galaxies of similar redshifts and
luminosities, the light distribution of 3C 273 is flatter in the core, likely from suppression by dust, but similar
in the outer halo. The QSO is displaced from the isophotal center of the galaxy by �1>4. Previously known
emission-line extensions are confirmed and new morphological features are identified, including a dramatic
spiral-shaped plume, two faint filaments, a dust lane, and a knot along the jet axis. Part of the inner jet is
unambiguously detected in all three bandpasses, and its morphology matches that of a MERLIN radio map.
Different mechanisms that could explain the morphology of 3C 273 are considered, such as scattered QSO
radiation, a face-on disk, and amerger event.
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1. INTRODUCTION

In 2002 July the nearby, luminous QSO 3C 273 was
observed as part of the Early Release Observations (EROs)
of the Advanced Camera for Surveys (ACS; Ford et al.
1998), installed in the Hubble Space Telescope (HST) in
2002 March. This program was designed to demonstrate
the capabilities of the new instrument, and in particular for
3C 273, the on-orbit performance of the coronagraph. By
suppressing the bright QSO, and with additional modeling
with a template star, the ACS coronagraph represents a
major improvement over otherHST instruments in the area

of high-contrast imaging. As our observations show, mor-
phological features in the host galaxy can be confidently
described down to an unprecedentedly small radius of
�1>3, even for a QSO as luminous as 3C 273.

With every new advance in detector and telescope tech-
nology, 3C 273 has been one of the first QSOs observed
because of its relative proximity, high luminosity, and opti-
cal jet. Its host galaxy was first detected by Wyckoff et al.
(1980) and has since been the subject of numerous ground-
and space-based studies, including the landmark study of
Bahcall, Kirhakos, & Schneider (1994, 1995a) and Bahcall
et al. (1995b, 1997) with the Wide Field Planetary Camera 2
(WFPC2) of HST. It is therefore a natural choice for the
first attempt at imaging with the ACS coronagraph; it may
serve as a springboard for future coronagraphic studies of
QSO hosts at higher redshifts and luminosities.

Here we describe our ERO observations of 3C 273. With
the superior PSF suppression capabilities and high spatial
resolution of the High Resolution Channel (HRC) and its
coronagraph, we find that the morphology of the host gal-
axy of 3C 273 is significantly more complex than had been
suggested in ground-based and HST/WFPC2 studies.
Unlike most otherHSTQSO imaging programs, our images
include three bandpasses acquired contemporaneously and
in identical instrument configuration. This multicolor
approach permits a better characterization of the emission
and absorption processes. At the redshift of 3C 273
(z = 0.1583), 100 corresponds to �2620 pc (for H0 = 70 km
s�1Mpc�1 and q0 = 0.1); the Galactic extinction toward this
system is E(B�V ) � 0.021 (Schlegel, Finkbeiner, & Davis
1998), and we use the Cardelli, Clayton, & Mathis (1989)
extinction law.
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2. OBSERVATIONS AND REDUCTION

3C 273 was observed as part of the ACS ERO pro-
gram (SM3/ERO 8992, PI: H. C. Ford) with the High
Resolution Channel in coronagraphic mode. The ACS
coronagraph consists of two occulting spots and a pupil
mask mounted on a mechanism that can be commanded
into the light path when needed. One spot has a diameter
of 1>8 and is positioned near the field center, while the
other spot is 3>0 in size and overlaps the end of an 0>8
wide occulting finger. This finger is fixed at the CCD
dewar window and is therefore imaged in both direct and
coronagraphic modes. A detailed description of the
coronagraph is given in the ACS Instrument Handbook
(Pavlovsky et al. 2002) and its on-orbit performance is
described in Krist et al. (2002). The imaging device con-
sists of a 1024 � 1024 CCD manufactured by Scientific
Imaging Technologies (SITe). The spatial scale at the
detector was binned to 0>025 pixel�1, resulting in a nomi-
nal field of view of 2500 � 2500. The HRC spatial resolu-
tion is �2 pixels (0>05). All the frames were acquired in
normal operation and read out with amplifier C (read
noise �4.7 e�) at a gain of 2 e� DN�1.

The observations were made through the F475W,
F606W, and F814W filters on 2002 July 19–20 UT. Short
target acquisition frames (10 s through F502N) served to
translate the QSO under the central 1>8 diameter occulting
spot to an accuracy of 0.5–0.8 pixels (0>012–0>02). The jet
was oriented away from the diffraction spikes and the
charge bloom direction. Two orbits were dedicated to each
bandpass (5130 s in F475W, 4750 s in F606W, and 4780 s in
F814W) with a CR-SPLIT of two per orbit. A reference
star, HD 105281, with colors similar to those of the QSO
was observed in one orbit in the same bandpasses for
accurate PSF subtraction.

3C 273 and the reference star were processed similarly.
The median overscan bias level was first removed, followed
by subtraction of superbias and superdark frames. Since the
location of the shadows of the occulting finger and corona-
graphic spots on the detector shifted after launch, probably
from a slight misalignment between the ACS andHST opti-
cal axes (Hartig et al. 2002), flat fields acquired at Ball Aero-
space and Technologies during the ground calibration
phase of ACS were manually adjusted and applied to the
data sets. The images of a given bandpass were finally
combined with a cosmic-ray rejection scheme.

The PSF of the reference star was used to remove the
unresolved QSO. The PSF was manually registered and
subtracted via cubic convolution interpolation until the
residuals in the wings were visually minimized. The regis-
tration appears sensitive to 0.05 pixels (0>013), and the
largest observed shift between the PSF and QSO was 0.8
pixels (0>02). The PSF normalization was also manually
adjusted until the contribution of the telescope PSF was
visually minimized. Past experience indicates that this
normalization method is accurate to �1%. The images
were finally corrected for geometric distortion through
the reduction pipeline of the Space Telescope Science
Institute. A description of the geometric distortion is
presented in the ACS Instrument Handbook (Pavlovsky
et al. 2002), and the derivation of the correction terms is
detailed in Meurer et al. (2002).

For comparison, the HRC/F606W frame before and
after subtraction of the reference PSF is shown in Figure 1.

Before the subtraction (top), the most prominent feature is a
scattered light bar, symmetric about the PSF. It is found to
expand proportionately with wavelength—it might be due
to large angle diffraction or a directional wave front error.
Residual diffraction rings are observed around the central
spot after the PSF subtraction (bottom). These are caused
bymismatches between the QSO and reference PSFs, specif-
ically by differences in their positions relative to the center
of the occulting spot.

Because we only have one PSF, we cannot do an exhaus-
tive study of PSF subtraction effects. However, the residuals
caused by the normalization and shift errors are smaller and
completely different in appearance than the galaxy features
described below. The PSF residuals appear as rings around
the occulting spot and streaks radiating out from the QSO.
The galaxy’s inner features do not resemble these diffraction
features.

The photometric zero points (ZEROPT) were calcu-
lated with the BANDPAR task in IRAF/SYNPHOT,
giving 24.80 (F475W), 25.28 (F606W), and 24.54 (F814W)
in the AB magnitude system [mAB = �2.5 log (e� s�1) +
ZEROPTAB]. The transformation between the ACS and
Johnson filter systems will be available in the future
(Sirianni et al. 2002). For convenience, we will refer to
F475W as g, F606W as V, and F814W as I. At the
redshift of 3C 273, the [O ii]�3727, H�+[O iii], and
H�+[N ii] emission lines are shifted into the g, V, and I
bandpasses, respectively.

3. RESULTS

The PSF-subtracted images of 3C 273 in g, V, and
I are combined into a single image displayed in Figure
2a. This image was first adaptively smoothed using
the wavelet shrinkage denoising method (Donoho &
Johnstone 1994; Donoho 1995). In this method the
image is transformed into the wavelet domain, where the
wavelet coefficients are ‘‘ shrunk ’’ toward zero by sub-
tracting a constant (typically a few times the rms noise)
from the absolute values of all coefficients. The inverse
wavelet transform then recovers a version of the image
that has its noise reduced but that preserves sharp struc-
tures in the image such as point sources and edges. The
deionized image is displayed using a logarithm intensity
scale. The mean of the three filters sets the overall
brightness of each display pixel, while the ratios of the
images determine the colors. Denoised images are used
for both the intensity and color computations. The
intensity is thus optimally displayed while preserving the
color information.

An extended host galaxy is unambiguously detected over
the entire field. Several morphological features are detected
in the inner regions; some are more sharply contrasted in a
specific bandpass as a result of their different emission
mechanisms. For reference, a diagram of the observed struc-
tures is shown in Figure 2b. In the following we discuss in
greater detail the host galaxy and its colors, the individual
features, the inner jet, and the field objects.

3.1. Isophotes and Colors

Differences between the host galaxy of 3C 273 and those of
early-type galaxies of similar redshifts and luminosities are

IMAGING OF 3C 273 2965



Fig. 1.—HRC/F606W frame of 3C 273 before (top) and after (bottom) subtraction of the QSOwith a reference PSF. The shadow of the occulting finger and
the 3>0 diameter occulting spot are visible at the top. No correction is made for the instrumental geometric distortion. The scattered light bar and residual
diffraction rings are labeled. Jet features are seen on the right edge of the frame (see Fig. 2).



emphasized in Figure 3. For this qualitative comparison, we
have selected a portion of the field of the A1689 cluster
observed with the Wide Field Channel (WFC) in the g, r, i, z
filters as part of the ACS Guaranteed-Time Observer pro-
gram (Benı́tez et al. 2003). The WFC spatial resolution is �2
pixels (0>1). The HRC frame was scaled to the WFC frame
taking into account the HRC-WFC sensitivity difference,
pixel scale, and slightly higher redshift of A1689 (z � 0.18).
To aid the reader in comparing the scales, a mock corona-
graphic spot is drawn over 3C 273 and the core of two cluster
galaxies. Compared to the most luminous galaxies in this
cluster region, the light distribution of 3C 273 does not rise as
steeply in the core, likely from dust suppression (see x 3.1.2),
and it exhibits more color structure. The host of 3C 273 is
also off-center with respect to the QSO.

3.1.1. The Galaxy Isophotes

A visual inspection of Figures 2 and 3 reveals two asym-
metric light distributions in 3C 273: a tear drop–shaped sys-
tem in the central regions, roughly 6>5 (17 kpc) in diameter
and a large diffuse halo surrounding it. To ease the follow-
ing discussion, we will label the inner component ‘‘ IC ’’ and
the outer halo ‘‘ OC.’’ The two systems appear off-center on
opposite sides of the QSO: in all three of our bandpasses,
the light of IC is skewed toward the southwest, while OC
dominates in the northeast. Similar asymmetries were
reported by Hutchings & Neff (1991) and Bahcall et al.
(1995a).

To better understand the stellar distribution, isophotes
were extracted with the ELLIPSE task in IRAF after

Fig. 2.—(a) Full-field gVI image of 3C 273 displayed on a logarithmic scale (see text). The image is corrected for the geometric distortion. The dashed circle
delimits the residual diffraction rings around the central occulting spot. (b) Identification of the morphological features discussed in the text: the emission-line
regions E1 and E2, the filaments F1 and F2, the spiral structure SS, the inner jet IJ, the knot JC, the outer jet components A, B1, S, In1, and In2, and the field
objects FO1, FO2, FO3, and FO4. The blue arc and the dust lane are also identified. The inner and outer galactic components IC and OC are delineated with a
dashed line. The occulting finger and spots are filled in black.
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masking the filaments E1 and E2 (x 3.2.1), which are located
at radii that bridge IC and OC, the inner jet (x 3.3), and bad
columns. Because of the asymmetry of the system, the cent-
roid of the ellipses was allowed to move freely. The results
are shown in panels (a), (b), and (c) of Figure 4. The host
galaxy dominates in V and I. The radial coverage in g is
limited because the 4000 Å break is redshifted into this
bandpass, resulting in a weaker contrast of the host galaxy.
The innermost radius is �1>3 in V, just outside of the dif-
fraction rings. Luminosity profiles of 3C 273 were also
extracted from ground-based CFHT imaging by Hutchings
&Neff (1991).

The surface brightness (SB) profiles show some structure.
In particular, the transition between IC and OC appears to
be at a radius of �4>5 (12 kpc): the SB profile of the outer
halo is steeper than its inner counterpart, its P.A. is �10�

smaller, and its ellipticity larger by �0.1. The flattening of
3C 273’s profile at small radii is even more apparent when it
is compared with the light distribution of the two elliptical
galaxies labeled ‘‘ 1 ’’ and ‘‘ 2 ’’ in the field of A1689 (Fig. 3).
Their F775W profiles are plotted in Figure 4d. These show a
break at a radius of �2>8 and a slight flattening at smaller
radii. By comparison, the profile of 3C 273 is flatter at these

radii. At larger radii, in the outer halo, the profiles of 3C 273
and the two early-type galaxies are comparable.

It is customary to fit smooth one-dimensional profiles,
such as exponential disk or de Vaucouleurs models, to QSO
host galaxy light distributions. For example, one- and two-
dimensional fits to WFPC2 V-band images of 3C 273 by
Bahcall et al. (1997) appear to agree well with an elliptical
host, which they classify as type E4. De Vaucouleurs fits to
our V and I profiles are shown in Figure 4a over radii of
2>5–7>5 (dashed lines), where the profiles span both the
inner and outer components. The resultant effective radii
are �2>2 and �2>6 for V and I, respectively, in good agree-
ment with the results of Bahcall et al. (1997). The corre-
sponding magnitudes of the host galaxy are mV,AB � 15.7
and mI,AB � 15.0 or MV,AB � �23.8 and MI,AB � �24.5 in
our adopted cosmology and including theK-correction.

But such single fits may not be appropriate if there are in
fact two superposed light distributions, perhaps resulting
from scattering of QSO radiation, a merger event, or a face-
on dust and gas disk (see x 4). Unfortunately, modeling
of the whole profile as one-dimensional composite de
Vaucouleurs and/or exponential disk curves does not yield
a consistent solution.

Fig. 2.—Continued
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As mentioned above, the QSO is displaced from the iso-
photal center of both the inner and outer galaxy compo-
nents IC and OC. The offsets are �0>65 and �1>40,
respectively, in the direction of the bulk of the asymmetries.

3.1.2. The Galaxy Colors

In this section we take a closer look at the colors of the
host of 3C 273. One of the most remarkable features in Fig-
ure 2 is a blue arc, approximately 2>6 (6.8 kpc) southwest of
the QSO, spanning positions angles of�95� to�180�. It fol-
lows the outer curvature of the inner galaxy component IC
and is roughly centered on the jet. Its inner edge is relatively
well delineated, but the outer edge is lost in the noise of the
outer halo. Color cuts inV�I along the jet axis are shown in
Figure 5. The southwest cut includes the jet and the blue
arc. At radii inside the arc (d2>6), the observed colors are
very close on both sides of the QSO but appear slightly red-
der in V�I in the southwest by about 0.06 mag. This slight
reddening corresponds to the patchy lane, probably dust,
between the QSO and the blue arc in Figure 2. By compari-
son, the region of the arc that intersects the jet (which we
will associate with a knot in x 3.3) is bluer by �0.3 mag in
V�I. The g�V colors are very noisy, and we measure
g�V � 0.75 at that location. From the isophotes, the color
of the outer halo isV�I � 0.78 at a radius of 400.

The colors can be compared with those of standard
energy distributions, and deviations from expected values
can provide clues about the emission and absorption proc-
esses. One of our limitations is that no off-nuclear spectrum
of the host galaxy of 3C 273 is available to us. In V�I the

Fig. 3.—Comparison between the 3C 273 host galaxy (inset in top left corner) and galaxies from a selected region of the A1689 cluster imaged on the WFC.
The images are matched in scale and sensitivity. The HRC frame is adaptively denoised with the algorithm described in x 3. A mock coronagraphic spot is
drawn as a black circle over the core of 3C 273 and two cluster galaxies.
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‘‘ 2 ’’ in Fig. 3, are plotted in (d ), also in the AB system. All the curves are
sampled at a 2 pixel interval.
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colors at radii inside the blue arc and of the outer halo
appear consistent with those of the normal elliptical galaxy
spectrum of Kinney et al. (1996) (redshifted appropriately)
to an accuracy of �0.1 mag. The addition of emission lines,
using line strengths from Boroson, Persson, & Oke (1985),
which we assume to be typical in the host galaxy, does not
change the colors significantly. To take into account possi-
ble evolutionary effects, the star formation history of an ini-
tial 107 yr burst formed at a redshift of 5 was generated with
the Bruzual & Charlot (2001) spectral synthesis models.13

The resultant model colors agree better with the observed
colors in V�I (within 0.05 mag) but are redder by�0.2 mag
in g�V.

To summarize, we find that the V�I colors of the
extended host galaxy are consistent with those of an ellipti-
cal galaxy redshifted to 3C 273. There is more reddening on
the jet side at radii smaller than the blue arc, likely from
dust. An arc, significantly bluer than the surrounding
galaxy, is conspicuous.

3.2. Morphological Features

3.2.1. Filaments and Knots

The host galaxy at radii intermediate between the inner
and outer stellar components does not appear smooth per-
haps hinting at faint clumpy or filamentary regions. One of
the most outstanding features is a clumpy triangular-shaped
region located 3>9 (10 kpc) southeast of the nucleus (labeled
‘‘ E1 ’’ in the V-band image of Fig. 6a). It is well-defined in
V, weaker but still clumpy in g and very weak and diffuse in
I, indicating that [O ii] and [O iii] emission dominate. This
feature was first discovered by Hippelein, Meisenheimer, &

Röser (1996) with a ground-based Fabry-Perot etalon and
confirmed by them with an archival WFPC2 F622W image.
They label it ‘‘ component A.’’

Our HRC images show significantly more detail than
either the ground or WFPC2 images. The long axis is �0>8
(2 kpc) in size and points directly toward the QSO. Its tip
nearest the QSO shows a clear enhancement in brightness.
Also, a series of emission knots and depressions in the host
galaxy appears to extend between E1 and the QSO (Fig. 6a),
although this region may be contaminated by residuals from
the PSF subtraction in the scattered light bar (see x 2). In a
WFPC2 narrowband exposure taken in redshifted [O iii]
�5007 (GO-5957, PI: W. Sparks), E1’s extension appears to
curve toward a region south of the nucleus (Fig. 6b).
Hippelein et al. (1996) find that the [O ii]/[O iii] ratio, large
[O iii] equivalent width, and high UV continuum of their
component A are consistent with either shock excitation or
photoionization by the central source. Our data do not
permit us to discriminate between these two scenarios,
although the alignment of E1 toward the nucleus might
indicate a contribution from photoionization by the QSO.

A second emission-line region, labeled E2, is also detected
in V and I at a distance of �400 (10 kpc) due east of the QSO
(Fig. 6a). This region corresponds to component B of
Hippelein et al. (1996), also imaged in [O ii] and [O iii] nar-
rowbands. It is more filamentary and of lower surface
brightness than E1 and extends along a position angle
(P.A.) of�150� over �2>3 (6 kpc). Its northwest end blends
into the outer isophotes of the inner component IC. There is
a suggestion of a weaker filament, perhaps an extension of
E2, approximately 3>2 (8.4 kpc) northeast of the QSO. Its
identification is uncertain.

We also note a curious filament in V, identified as F1 in
Figures 2b and 6a, near the detection threshold of the image.
It extends from the base of E1 for 1>7 (4.5 kpc) in a south-
east direction and then bends toward the northeast for an
additional 3>3 (8.5 kpc). It is too faint for reliable color
extraction. Whether this filament is in fact physically con-
nected to E1 or is simply seen in projection is unknown.
Another weak filament, labeled ‘‘ F2 ’’ in Figure 2b, mean-
ders from the edge of the coronagraphic spot at a P.A. of
about �85� and appears to bend toward the southwest out
to a distance of 2>8 from the nucleus. It is seen very weakly
in Figure 2a. Inspection of the individual bandpass images
shows that it is most prominent inV and detected in absorp-
tion. This may indicate that it is dusty in nature; it is not
contrasted in g because of the weak contribution from the
background galaxy and is optically thin in I.

We are left with the striking impression of a complex net-
work of filamentary and clumpy regions in the host galaxy.
Those near the edge of IC appear dominated by line emis-
sion. In their narrowband survey Stockton & MacKenty
(1987) found that such structured filaments and condensa-
tions are common in �40% of their sample, but none were
detected in 3C 273 at the depth of their observations. On the
other hand, spatially resolved spectroscopy of the host gal-
axy of 3C 273 at several pointings of a few arcseconds away
from the QSO reveals a weak emission-line spectrum atop a
strong stellar continuum (Wyckoff et al. 1980; Boroson &
Oke 1984; Sheinis 2001). In our broadband HRC imaging,
only the regions of highest line surface brightness are clearly
delineated; we are planning deeper imaging with narrow-
band filters that may reveal the full extent of this system
throughout the galaxy.13 Available at http://www.sdss.mpg.de/sdssMPA/Spectral_Tools.

Radius (arcseconds)
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Fig. 5.—A 20 pixel wide color cut in V�I along the jet axis
(P.A. � 135�), smoothed with a 3 pixel wide Gaussian. The origin is the
QSO centroid. The southwest cut (solid line) is on the side of the jet and
the blue arc, while the northeast cut (dotted line) is on the opposite side
of the QSO. The approximate inner edge of the arc is marked for the
southwest cut.
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3.2.2. The Spiral Structure

One of the most dramatic features in our new images is a
spiral-shaped plume, which appears to wrap around the
QSO. It is shown in Figure 6c and is labeled ‘‘ SS.’’ It
extends out to �2>5 (6.4 kpc) from the nucleus, and in the I
band it possesses a well-defined curved outer edge. Its inte-
rior appears clumpy. It is detected as an enhancement atop
the galaxy light, rather than in absorption, and appears bet-
ter defined in I, suggesting that it is unlikely a dust feature.
At the S/N ratio of our images, there is little variation in
color at the location of SS although there is a hint in V�I
that it is slightly bluer than the red lane immediately outside
its boundary.

It is difficult to determine the exact nature of this spiral
plume. At these small radii the competing contribution from
line emission ([O iii] in F606W andH� in F814W), scattered
QSO radiation, and dust extinction need to be considered.
The plume’s sharper appearance in F814W may indicate
that it is dominated by H� emission, while the [O iii] suffers
more extinction. In the WFPC2/[O iii] image of 3C 273
(Fig. 6b), there appears to be an enhancement at the loca-
tion of SS. Hippelein et al. (1996) imaged in [O ii] and [O iii]
and their PSF subtraction is unreliable at the radius of SS.
On the other hand, SS may be dominated by the galaxy’s

stellar continuum seen through an unextincted section of
the red dusty lane.

3.3. The Inner Jet

The inner jet (IJ) of 3C 273 has been detected in the radio
(e.g., Davis, Muxlow, & Conway 1985; Conway et al. 1993),
in the optical on WFPC2 images (Bahcall et al. 1995b,
1997), and at X-ray wavelengths (e.g., Chandra observa-
tions, Marshall et al. 2001). Its highest surface brightness
section, although still very weak, is unambiguously detected
in our three HRC bandpasses. It is located at �5>5 (14 kpc)
from the QSO and is �1>2 (3 kpc) in length (see Fig. 7). It
appears to possess a kink near its center. The MERLIN
map of T.Muxlow (see Bahcall et al. 1995b) is also shown in
Figure 7 after registration on the QSO center. In the radio,
the IJ consists of two separate knots and the optical kink
appears to be located between them. The radio and optical
morphologies appear to best match in the southernmost
knot suggesting that synchrotron radiation is important in
that region of the IJ in both wavelength regimes. The other
knot appears weaker and more diffuse in the optical, and so
it is more difficult to establish a clear morphological corre-
spondence with its radio counterpart. No counterjet is
observed in the HRC images.

Fig. 6.—Morphological features in the host galaxy of 3C 273. (a) ObservedV-band frame of 3C 273 displayed on a linear intensity scale with a 4 � 4 binning
to enhance the faint filamentary regions E1, E2, and F1. On this scaling, filament F2 is not visible. The inner jet IJ is also labeled. (b) Narrowband image of 3C
273 acquired on the WF3 chip of WFPC2 in the FR533N filter (redshifted [O iii] �5007) as part of the snapshot programGO-5957. The total integration time
is 600 s. The underlying galaxy contribution has not been subtracted. (c) Observed I-band frame of 3C 273 is displayed on a linear intensity scale with a 2 � 2
binning to enhance the spiral structure SS. (d ) Same as (a), but scaled to enhance the clump JC along the jet axis.
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In the nomenclature of Jester et al. (2001), knot A, part of
knot B1, the southern extension S, and the inner extension,
In1 and In2, fall near the edge of our images (see Fig. 2b).
The inner and southern extensions have not been detected
at radio wavelengths at the current depth of the radio imag-
ing. Their true nature is unknown, although the inner exten-
sion is apparently polarized, hinting at possible synchrotron
emission (Jester et al. 2001) or scattered quasar radiation
(Röser &Meisenheimer 1991).

The integrated fluxes, magnitudes, and colors of the jet
components are tabulated in Table 1. The same apertures
were used in the optical and radio bandpasses. The errors
on the magnitudes and colors on In1, In2, S, and A are
dominated by uncertainties in the definition of the object
aperture and surrounding background region. The errors
are listed in the table footnote. For the radio-loud sour-
ces, knot A and the inner jet, the spectral index between

the F606W image and the MERLIN map was also calcu-
lated. In the optical bandpasses the uncertainties on the
fluxes of the inner jet are large, up to �50%, because of
the jet’s low surface brightness and sensitivity to the
subtraction of the underlying galaxy. The similarity in
spectral index between knot A and the inner jet again
suggests that they both share the same emission
processes.

How close to the QSO is the optical jet detected? In all
three bandpasses we find a knot at a distance of�2>8 (7 kpc)
from the QSO, lying directly along the jet axis. It is shown in
Figure 6d (labeled ‘‘ JC ’’) and it appears most compact in g
andV. This knot also corresponds to the bluest section of the
arc in V�I. No radio emission in the MERLIN map is
detected at its location and our data do not allow us to deter-
mine whether it is continuum or line dominated. Its location
at the intersection of the blue arc and the jet axis is probably

Fig. 7.—An 18 cmMERLINmap (contour) of 3C 273 overlaid on the HRCV-band image. The images are registered on the QSO. The optical inner jet IJ is
enlarged. Components of the outer jet, knots A and B1, the inner extension In1/In2, and the southern extension S, are also labeled following the nomenclature
of Jester et al. (2001).
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not coincidental—it could be a by-product of the jet-forming
mechanism or of the passage of the jet through the galaxy’s
interstellar medium. Some possibilities include scattered
QSO radiation on dust or electrons, an emission-line region
directly photoionized by the QSO, jet-induced star
formation, or shock-entrainedmaterial.

3.4. Field Objects

Even in our narrow field we identify at least four resolved
objects in the outer isophotes of the galaxy. Their properties
are summarized in Table 2, and they are labeled in Figure
2b. Objects 1 and 2 are located in the northwest corner of
the images, object 3 is found in the far northeast corner,
near the edge of the detector, and object 4 is partially
masked by the occulting finger. There is possibly a very
faint, low surface brightness source 15>5 due north of the
QSO on the edge of the detector. The compact objects 2 and
3 are significantly bluer in V�I than object 1 and the host
galaxy.

We test the hypothesis that these sources are associated
with 3C 273 by comparing their colors with those of the
spectral energy distributions (SEDs) of Coleman, Wu, &
Weedman (1980) and Kinney et al. (1996). If the sources are
assumed to be at the redshift of 3C 273, the colors of object
1 are consistent (within �0.1 mag) with those of the Sbc
SED and the colors of object 2 with the Scd or Im SEDs.
The very blue colors of object 3 are inconsistent with any of
the template spectra at this redshift. The exact nature of

these field objects will need to be secured with spectroscopy.
We note that these sources are too faint to have been
included in the spectroscopic sample of Stockton (1980).

4. DISCUSSION

The central light distribution of the host galaxy of 3C 273
exhibits characteristics consistent with the well-known
‘‘ alignment effect ’’ (Chambers, Miley, & van Breugel 1987;
McCarthy et al. 1987) observed in powerful radio galaxies
of intermediate and high redshifts: it is elongated on the jet
side and possesses a blue feature, roughly arc-shaped, cen-
tered on the projected jet axis. Some processes that have
been invoked to account for the alignment effect include
scattering of the QSO radiation into our line of sight by
interstellar dust grains, regions of young star formation
either from cosmological evolution or induced by
interaction with the jet, and extended emission-line nebulae
photoionized by the central source or shocked by passage of
the jet. The relative contribution of each mechanism to the
UV excess can vary considerably between objects (Allen et
al. 2002; Tadhunter et al. 2002).

In the scattering hypothesis it is assumed that the central
source radiates anisotropically in two opposite cones whose
axes are aligned with the jet axis (Barthel 1989; Cimatti et al.
1993; Manzini & di Serego Alighieri 1996). If we are in fact
viewing the central source nearly along the cone axis, as
the presence of the optical jet suggests, then the blue arc in
3C 273 could represent a section of this cone. The scattered
radiation could suffer reddening from dust located on the
cone walls or simply from foreground dust. The red dust
lane may be evidence for this. The apparent smoothness of
the arc would imply a relatively uniform dust distribution at
that location. An attempt to isolate the color of the arc by
removing the underlying galaxy contribution yields
V�I � 0.20, comparable to the integrated colors of the
QSO, implying that the scattered radiation from the arc
suffers little reddening along our line of sight.

Alternatively, a disk geometry could contribute to the
scattered radiation in 3C 273. Face-on dust and gas disks
have been identified in the majority of 3C radio sources with
known optical synchrotron jets (Sparks et al. 2000). To date
they have been identified in low-redshift FR I sources, and
their diameters vary from 0.4 to 2.4 kpc (Martel et al. 2000).
Their size does not correlate with either the radio or optical
nuclear luminosity. In 3C 273 it would be reasonable to
associate the red inner lane with a face-on disk that scatters
radiation from an isotropic central source. Although this
feature dominates over the position angles of the blue arc in
the southwest, it appears to encircle the QSO over a larger
circumference, 70� < P.A. < 265�, nearly opposite the jet in
the northeast quadrant. But the dominance of the light
excess in the direction of the jet could be difficult to explain
with this geometry. Of course, a small disk could be present,
perhaps masked by the coronagraphic spot.

Can the morphology of 3C 273 be the result of a violent
merger event? Some evidence points to a potential capture
of a nearby companion: the QSO is offset from the isophotal
center and the circumnuclear spiral structure is suggestive
of debris accreting into the central kiloparsecs. Moreover,
several objects are detected in the galactic halo, one of which
(FO1; see x 3.4) is highly distorted, perhaps the result of
tidal interaction. A double nucleus would be masked by the
coronagraphic spot.

TABLE 1

Fluxes and Magnitudes of the Jet Components

Component

FF606W

(lJy) V g�V V�I �ro

In1 ............................. 0.48 24.7 0.21 0.21 . . .
In2 ............................. 0.49 24.7 �0.02 �0.09 . . .

S ................................ 0.44 24.8 0.48 0.10 . . .

A................................ 1.90 23.2 0.05 0.15 2.7

IJ ............................... 0.35 25.0 0.08 0.30 2.8

Notes.—The nomenclature of the components follows that of Jester
et al. 2001. The spectral index �ro (F� � ���) is measured only for the
radio-loud component A and the inner jet between the F606W and
MERLIN bandpasses. All magnitudes are expressed in the AB system.
Errors on the fluxes are roughly 10% or less for the brightest components
In1, In2, and A, and�25% and�50%, respectively, for the two most dif-
fuse features, S and the inner jet. Typical errors on the magnitudes and
colors of In1, In2, A, and S are 0.1–0.3 mag and �0.5 mag for the inner
jet. See text.

TABLE 2

Field Objects

Object

Distance

fromQSO

(arcsec) V MV g�V V�I

1....................... 12.6 23.6 �15.7 0.6 0.7

2....................... 18.0 25.8 �13.5 0.5 0.3

3....................... 18.3 25.3 �14.0 0.1 0.0

4....................... 8.9 . . . . . . 1.3 0.4

Notes.—The field objects are identified in Fig. 2b. Field object 4 is
partially masked by the occulting finger. The absolute magnitudes are
calculated assuming the objects are at the redshift of 3C 273. Typical
errors are�0.1–0.2 mag from the brightest to the faintest objects.
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We note that, at the depth of our images, we do not find
strong evidence of blue, young star-forming regions in the
host galaxy of 3C 273. In an HST imaging study of 27 3CR
galaxies, with z d 0.1 in the ultraviolet (UV), Allen et al.
(2002) find that such regions are common. They observe
complex UV structures that diverge considerably from the
optical morphologies and which are generally not aligned
with the radio emission. In five cases they attribute the UV
morphology to scattered nuclear light. The smoothness of
the blue arc in 3C 273 and its ‘‘ orthogonality ’’ with respect
to the jet may thus indicate that continuum radiation from
star-forming regions is not the main emission mechanism in
the arc. Deep UV imaging will be necessary to firmly estab-
lish the location and luminosity of the star-forming regions
in 3C 273.

5. CONCLUSION

We have presented the first broadband images of the host
galaxy of the nearby and luminous QSO 3C 273 observed
with the ACS/HRC and its coronagraph. The host galaxy
appears to consist of an extended stellar halo that fills nearly
the entire field of view of the HRC images. Its V�I color
appear consistent with that of a late-type stellar population
at that redshift. The light distribution in the central few arc-
seconds appears elongated along the jet but in the opposite
direction of the outer halo. It is delineated on one side by an
arc, bluer than the surrounding regions and roughly cen-

tered on the jet. Compared with early-type galaxies of simi-
lar redshifts and luminosities, the light profiles of 3C 273 are
flatter in the core (radii d 300), likely from suppression by
dust, but similar in the outer halo. The QSO is not centered
on the galaxy isotopes. A spiral-shaped plume is observed in
the circumnuclear regions. Several knots and filaments, as
well as a section of the inner optical jet, are also detected.

The new morphological features discovered at small radii
are a clear testament to the superior PSF suppression capa-
bilities of the ACS coronagraph and its effectiveness as a sci-
entific tool in the study of nearby QSO host galaxies. Future
observations of 3C 273 will be required to disentangle the
geometry and relative contribution of the different emission
processes in the host galaxy: narrowband imaging will map
the distribution of ionized gas and determine the source of
the dominant ionizing mechanism, UV imaging will locate
the young star-forming regions, and imaging polarimetry
will establish the scattering geometry.
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