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ABSTRACT
During the Ðrst 3 years of the Compton Gamma Ray Observatory mission, the blazar CTA 26 was

observed 10 times by EGRET and not signiÐcantly detected. We report an observation in 1995 when
CTA 26 Ñared to a peak c-ray Ñux of (4.9 ^ 1.5)] 10~6 cm~2 s~1 (E[ 100 MeV), the third brightest of
all EGRET blazars. Following the c-ray Ñare, extensive VLBA and single-dish radio observations were
obtained. We Ðnd two components of a milliarcsecond jet moving with apparent transverse velocities of
12 ^ 1 h~1 c, and 5^ 2 h~1 c h km s~1 Mpc~1, The position angle of VLBI com-(H0\ 100 q0\ 0.1).
ponents appears to change with time. The slowest VLBI componentÏs motion is consistent with ejection
at the time of the 1995 c-ray Ñare. A weak radio Ñare is also seen in millimeter radio moni-Metsa� hovi
toring data, peaking within weeks of the c-ray Ñare.
Subject headings : gamma rays : observations È quasars : general È quasars : individual (CTA 26) È

radio continuum: general È techniques : interferometric

1. INTRODUCTION

CTA 26 (PKS 0336[019) was originally detected as a
radio source. The GHz radio spectrum is Ñat, with a 5 GHz
Ñux density of D3 Jy. Visual identiÐcation of the radio
source was made by Bolton & Ekers (1966) and veriÐed by
Kinman et al. (1967). It is classiÐed as a quasar with a
redshift z\ 0.852 (Bolton & Wall 1970). We report here a
highly signiÐcant c-ray detection of CTA 26 in 1995 with
the EGRET instrument on the Compton Gamma Ray Obser-
vatory.

This source was found to be optically violently variable
(OVV) as the result of optical monitoring by Scott et al.
(1976 ; see also Smith et al. 1993). Over the course of their
program, CTA 26 maintained a relatively constant (p \ 0.3
mag) Ñux level of about m\ 18, punctuated by several
1 mag Ñares, until 1987È1988, when it brightened by D2
mag over the course of 5 years. There has been no system-
atic monitoring of CTA 26 at optical wavelengths since
1993. It was too close to the Sun to observe optically at the
time of the 1995 c-ray Ñare. Polarization data are available
at radio and optical wavelengths for this source. The
average optical polarization measured in two observations
is 11.8%^ 2.4% (Moore & Stockman 1981), which leads to
the classiÐcation of this source as a high-polarization
quasar (HPQ).

CTA 26 has also been detected as an X-ray source by
both the Einstein Observatory (Wilkes et al. 1994) and the
ROSAT All-Sky Survey (Brinkmann et al. 1994). Einstein
recorded a Ñux density at 1 keV of 0.052^ 0.022 kJy in
1979 August and 0.12 ^ 0.025 kJy in 1980 August. The
ROSAT All-Sky Survey measured the Ñux density to be
1.77^ 0.523 kJy at 1.3 keV in 1990. No spectral informa-
tion was obtained.

This paper features a description of the EGRET results in
° 2, VLBA results in ° 3, radio Ñux density monitoring in ° 4,
and conclusions in ° 5.
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2. GAMMA-RAY OBSERVATIONS OF CTA 26

The Energetic Gamma-Ray Experiment Telescope
(EGRET) aboard the Compton Gamma Ray Observatory is
sensitive in the energy range 30 MeVÈ30 GeV (Thompson
et al. 1993). It has detected over 50 AGNs (von Montigny et
al. 1995 ; Thompson et al. 1995 ; Mattox et al. 1997a) in the
blazar class. This classiÐcation includes BL Lac objects,
HPQs, and OVVs.

CTA 26 was not signiÐcantly detected by EGRET during
the Ðrst 4 years of the mission, 1991.4È1995.3, although it
was given signiÐcant exposure (5.5] 108 cm2 s). A likeli-
hood analysis (Mattox et al. 1996) of this exposure yields a
95% conÐdence upper limit for the average Ñux of
8.3] 10~8 photons cm~2 s~1, E[ 100 MeV.

During an exposure in the Ðfth year of the mission
(viewing period 419.1, 1995 April 4È11), a bright c-ray Ñare
occurred. The EGRET instrument was pointed at the Orion
cloud, 28¡ away from CTA 26, so the sensitivity was only
D20% of the on-axis sensitivity during this Ñare. A like-
lihood test (Mattox et al. 1996) gives p detec-T
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tion signiÐcance. The average Ñux during this interval
was (1.8^ 0.4)] 10~6 cm~2 s~1 (E[ 100 MeV). A
Kolmogorov-Smirnov (KS) test (as described by Mattox et
al. 1997b) Ðnds with 99.4% conÐdence that the Ñux varied
within this week. Figure 1 shows the time dependence of the
Ñux as determined by a likelihood analysis for 1 day inter-
vals. The Ñare appears to have commenced abruptly on the
second day. Unfortunately, the weak exposure does not
allow the rise time to be precisely determined. We can only
say that a KS test indicates with 90% conÐdence that the
onset occurred in an interval shorter than 1.3 days. The
peak Ñux was (4.9^ 1.5)] 10~6 cm~2 s~1 (E[ 100 MeV)
on 1995 April 6 (1995.263). At this time, it was the third
brightest of all EGRET blazars (following PKS 1622[297
[Mattox et al. 1997b], and 3C 279 [Wehrle et al. 1998]).
The c-ray luminosity corresponding to the peak Ñux of
CTA 26 was 1.2] 1046 (0.65/h)2 ergs s~1 (assuming q0\
0.1).

A likelihood position analysis (Mattox et al. 1996) of the
E[ 100 MeV EGRET data for the 1 week exposure during
the Ñare gives a 95% conÐdence location contour which is
well Ðt by an ellipse centered on l \ 188¡.25, b \ [42¡.34,

906



GAMMA-RAY FLARE OF QUASAR CTA 26 907

FIG. 1.ÈEGRET light curve for CTA 26 during the 1995 April Ñare.
The abscissa is JD [ 2,440,000.5. The horizontal error bars indicate the
interval of temporal integration. The vertical error bars indicate the range
of 1 p uncertainty. The last measurement is an 84% conÐdence upper limit.

with semimajor axis a \ 44@, semiminor axis b \ 37@, and
position angle /\ 27¡. The radio position is 13@ from the
center of the ellipse. We use the method of Mattox et al.
(1997a) to assess the reliability of the identiÐcation of CTA
26 as the c-ray source. This method considers the angle
between the EGRET position estimate and the radio posi-
tion, the uncertainty of the EGRET position, the number
density of potentially confusing radio sources as bright and
with a radio spectrum as Ñat as CTA 26 (8 ] 10~4 deg~2),
and the fraction of sources with a Ñat radio spectrum as
bright as CTA 26 that EGRET detects (12%). The resulting
probability that CTA 26 is the c-ray source is 99.7%. The
dramatic variability of the c-ray Ñux lends substantial addi-
tional conÐdence to this identiÐcation, since the c-ray Ñux
from a number of other blazars has also been observed to
vary wildly.

CTA 26 was also in the EGRET Ðeld of view a month
later (viewing period 420, 1995 May 9ÈJune 6). We Ðnd a
detection at a lower Ñux level p, Ñux of(T

s
1@2\ 4.3

(0.5^ 0.1)] 10~6 cm~2 s~1 for E[ 100 MeV). There is no
indication of variability within viewing period 420.

2.1. T he c-Ray Spectrum of CT A 26
The c-ray spectrum of CTA 26 was determined by per-

forming a likelihood Ñux analysis (Mattox et al. 1996) for
the 10 standard EGRET energy ranges using the latest
EGRET data for viewing period 419.1. The EGRET point-
spread function was constructed using calibration data 25¡
and 30¡ o†-axis corresponding to the location of CTA 26 at
28¡ o†-axis in viewing period 419.1. The result is shown in
Figure 2. The EGRET spectrum is adequately represented
by a power law:

F\ (4.7^ 0.9)] 10~9
] (E/184 MeV)~2.4B0.3 cm~2 s~1 MeV~1 . (1)

FIG. 2.ÈEGRET spectrum for the week of the Ñare in 1995 April. The
straight line is the power-law representation of the spectrum given in the
text.

FIG. 3.ÈMultiwavelength spectrum of CTA 26 from observations that
are not contemporaneous. The crosses indicate archival centimeter-wave
radio observations from NED and the University of Michigan archive. The
vertical lines in the millimeter-wave and optical regimes indicate a range of
variability from multiepoch observations (from NED and Scott et al. 1976,
respectively). The crosses in the X-ray and c-ray regimes show measured
Ñux densities with uncertainties (Wilkes et al. 1994 ; Brinkmann et al. 1994).
The c-ray data are from EGRET. The arrows signify 95% conÐdence
upper limits.
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Figure 3 is a plot of the multiwavelength spectrum of
CTA 26. The data in this plot are not contemporaneous.
The synchrotron peak appears to lie somewhere in the
1011È1013 Hz region, and the inverse Compton peak
appears to be in the GeV region. The determination of the
location of the synchrotron peak is difficult, since there are
no data for this source in the infrared region of the spec-
trum, and also because the optical Ñux varies by more than
1 order of magnitude over the 10 years of monitoring. The
apparent c-ray luminosity of this source during the Ñare is
about 10 times that of the synchrotron peak, assuming that
the latter did not change substantially during the c-ray Ñare.

3. INTERFEROMETRIC RADIO OBSERVATIONS OF CTA 26

There have been several previous interferometric obser-
vations of CTA 26. Price et al. (1993) used the VLA to
obtain an image at 20 cm (epoch 1985.0). They found a
single component approximately 1A away from the core at a
position angle of [15¡. Wehrle et al. (1992) presented a
VLBI map at 5 GHz, (epoch 1987.5) which showed a well-
deÐned jet approximately 5 mas long at a position angle of
65¡, nearly orthogonal to the arcsecond-scale jet. Piner &
Kingham (1998) used multiple epochs of geodetic VLBI
measurements from 1993È1996 at 2 and 8 GHz to measure
superluminal motion of components of the milliarcsecond
jet of CTA 26.

We observed CTA 26 with the Very Long Baseline Array
(VLBA)5 in seven sessions and at three frequencies (15 GHz,
22 GHz, 43 GHz) from 1995 April to 1997 July. All obser-
vations were performed with all 10 VLBA antennas and
recorded in four 8 MHz wide channels. In the Ðrst two
sessions, observations were carried out during 12 hour
blocks with 9È10 scans of 15È18 minutes length each at all
frequencies. In the later epochs, observations were carried
out as a part of a c-ray bright blazar monitoring program
(Jorstad et al. 2001) with 4È6 scans of 6È14 minutes length
each. As a result, the total integration times were less at
epochs following 1995 June, but there is no signiÐcant dif-
ference in resolution or dynamic range (see Table 1).

The data were correlated using the VLBA correlator in
Socorro, New Mexico. Initial editing, corrections for zenith
opacities and system temperatures, amplitude calibration,

5 The VLBA is an instrument of the National Radio Astronomy Obser-
vatory, which is operated by Associated Universities, Inc., under coopera-
tive agreement with the National Science Foundation.

and fringe Ðtting were done using the standard NRAO
AIPS package. Imaging was performed with the CalTech
DIFMAP package (Shepherd 1997) using the procedures
CLEAN and self-calibration. Uniform weighting was
applied. The Ñuxes at 22 and 37 GHz andMetsa� hovi
UMRAO data at 14.5 GHz were used to establish the abso-
lute Ñux density scale. The observational parameters are
presented in Table 1, where column (1) is the epoch of
observation ; (2) is the frequency ; (3) is the peak Ñux density
per beam; (4), (5), and (6) are the major axis (FWHM),
minor axis, and orientation of the elliptical interferometer
beam; (7) is the root mean square of the residuals of the Ðnal
hybrid image ; and (8) is the calibration coefficient required
to match the single-dish Ñux densities of CTA 26 and other
compact sources.

We used the task MODELFIT in DIFMAP to model the
image as a number of circular Gaussian components. We
determined the errors of the parameters of the components
with the interactive model-Ðtting program SLIME in the
AIPS environment. This program gives 1 p errors for the
parameter values under the assumption that the data errors
have a Gaussian distribution and that the parameters are
independent of each other. We note that this method
cannot be used for weak components (fainter than D10% of
the peak Ñux density). The results of the model Ðtting are
given in Table 2. The Ðrst column is the epoch of obser-
vation ; the second is the frequency ; the third column gives
the designation of the component ; columns (4)È(7) give the
total Ñux density, distance, and position angle relative to the
core, and the size of the component. At all frequencies, the
core is designated by the letter A. In what follows, we
measure all motions relative to the core, which we assume
to be stationary.

3.1. V L BA Results for CT A 26
The VLBA images (Figs. 4, 5, and 6) show that the source

consists of a bright compact core, and a jet extending east-
ward to D2.5 mas. The simultaneous observations at 43,
22, and 15 GHz in 1995.29 and 1995.42 allow us to estimate
the spectral energy distribution of the presumed stationary
core. We Ðnd that the core has an inverted spectrum
(spectral index a \ 0.6^ 0.1, where S P la). Model Ðtting
reveals proper motions for components C3 and C4. Because
of the similarity of the parameters of these components at
the di†erent frequencies, we are able to estimate their spec-
tral indices. The spectral index of component C4 from the

TABLE 1

PARAMETERS OF VLBA OBSERVATIONS

Frequency Speak #maj #min P.A. rms Calibration
Epoch (GHz) (Jy beam~1) (mas) (mas) (deg) (mJy beam~1) CoefÐcient

(1) (2) (3) (4) (5) (6) (7) (8)

1995.29 . . . . . . 15.4 0.86 0.97 0.40 [4 1.49 1.37^ 0.10
1995.42 . . . . . . 15.4 1.17 0.98 0.38 [6 0.75 1.06^ 0.10
1995.29 . . . . . . 22.2 1.33 0.73 0.30 [8 1.22 1.18^ 0.10
1995.42 . . . . . . 22.2 1.16 0.74 0.28 [9 0.98 1.00^ 0.10
1996.34 . . . . . . 22.2 0.86 0.75 0.30 [7 0.72 1.18^ 0.10
1996.60 . . . . . . 22.2 1.10 0.76 0.31 [10 1.15 1.02^ 0.10
1996.90 . . . . . . 22.2 1.61 0.78 0.30 [8 1.24 1.39^ 0.10
1995.29 . . . . . . 43.2 1.53 0.36 0.15 [6 1.52 1.30^ 0.20
1995.42 . . . . . . 43.2 1.92 0.37 0.15 [7 1.85 1.57^ 0.20
1995.58 . . . . . . 43.2 2.18 0.39 0.15 [10 4.45 1.60^ 0.20
1996.90 . . . . . . 43.2 1.68 0.38 0.15 [2 2.23 1.40^ 0.20
1997.58 . . . . . . 43.2 1.66 0.42 0.19 ]7 2.67 1.23^ 0.20



No. 2, 2001 GAMMA-RAY FLARE OF QUASAR CTA 26 909

TABLE 2

MODEL PARAMETERS

Frequency Flux R # a
Epoch (GHz) Component (Jy) (mas) (deg) (mas)

(1) (2) (3) (4) (5) (6) (7)

1995.29 . . . . . . 15.4 A 0.81 ^ 0.06 0.0 ^ 0.05 0.12 ^ 0.05
C3 0.44 ^ 0.07 0.33 ^ 0.08 ]67 ^ 5 0.25 ^ 0.06
C2 0.37 ^ 0.06 0.89 ^ 0.10 ]72 ^ 4 0.88 ^ 0.07
C1 0.04 2.03 ]68 0.31

1995.42 . . . . . . 15.4 A 1.26 ^ 0.04 0.0 ^ 0.06 0.09 ^ 0.04
C3 0.31 ^ 0.05 0.54 ^ 0.07 ]55 ^ 6 0.41 ^ 0.05
C2 0.33 ^ 0.04 1.05 ^ 0.10 ]69 ^ 5 0.82 ^ 0.06
C1 0.05 2.05 ]65 0.43

1995.29 . . . . . . 22.2 A 1.46 ^ 0.04 0.0 ^ 0.04 0.13 ^ 0.05
C3 0.38 ^ 0.05 0.48 ^ 0.06 ]57 ^ 4 0.53 ^ 0.05
C2 0.25 ^ 0.07 1.06 ^ 0.12 ]72 ^ 5 0.87 ^ 0.09
C1 0.02 2.46 ]60 0.52

1995.42 . . . . . . 22.2 A 1.20 ^ 0.05 0.0 ^ 0.05 0.02 ^ 0.02
C3 0.26 ^ 0.04 0.65 ^ 0.08 ]54 ^ 3 0.48 ^ 0.06
C2 0.15 ^ 0.05 1.24 ^ 0.10 ]73 ^ 5 0.88 ^ 0.07
C1 0.01 2.21 ]59 0.32

1996.34 . . . . . . 22.2 A 0.67 ^ 0.06 0.0 ^ 0.05 0.03 ^ 0.02
C4 0.38 ^ 0.04 0.20 ^ 0.06 ]29 ^ 4 0.24 ^ 0.06
C2 0.02 1.24 ]94 0.01
C3 0.33 ^ 0.05 1.08 ^ 0.06 ]65 ^ 5 0.83 ^ 0.05
C1 0.05 2.33 ]56 1.50

1996.60 . . . . . . 22.2 A 1.13 ^ 0.04 0.0 ^ 0.04 0.05 ^ 0.03
C4 0.12 ^ 0.05 0.28 ^ 0.07 ]49 ^ 5 0.01 ^ 0.03
C3 0.36 ^ 0.05 1.24 ^ 0.08 ]66 ^ 4 0.94 ^ 0.06
C1 0.02 2.67 ]56 0.56

1996.90 . . . . . . 22.2 A 1.65 ^ 0.04 0.0 ^ 0.04 0.00 ^ 0.03
C4 0.11 ^ 0.05 0.30 ^ 0.09 ]53 ^ 4 0.05 ^ 0.03
C3 0.21 ^ 0.05 1.23 ^ 0.10 ]73 ^ 4 0.57 ^ 0.05
C1 0.06 2.78 ]57 1.30

1995.29 . . . . . . 43.2 A 1.74 ^ 0.05 0.0 ^ 0.03 0.08 ^ 0.03
C3 0.22 ^ 0.04 0.47 ^ 0.09 ]51 ^ 3 0.42 ^ 0.04
C2 0.17 ^ 0.05 1.02 ^ 0.08 ]70 ^ 4 0.78 ^ 0.07

1995.42 . . . . . . 43.2 A 1.96 ^ 0.07 0.0 ^ 0.04 0.03 ^ 0.03
B 0.06 0.45 ]42 0.01
C3 0.27 ^ 0.05 0.74 ^ 0.06 ]61 ^ 3 0.61 ^ 0.04
C2 0.05 1.38 ]83 0.29

1995.58 . . . . . . 43.2 A 2.19 ^ 0.05 0.0 ^ 0.04 0.04 ^ 0.03
C4 0.33 ^ 0.07 0.17 ^ 0.06 ]23 ^ 7 0.13 ^ 0.05
C3 0.29 ^ 0.05 0.75 ^ 0.08 ]54 ^ 4 0.44 ^ 0.05
C2 0.09 1.31 ]79 0.48

1996.90 . . . . . . 43.2 A 1.69 ^ 0.04 0.0 ^ 0.04 0.03 ^ 0.03
C4 0.09 ^ 0.05 0.27 ^ 0.05 ]49 ^ 6 0.17 ^ 0.04
C3 0.19 ^ 0.04 1.29 ^ 0.07 ]66 ^ 4 0.83 ^ 0.05

1997.59 . . . . . . 43.2 A 1.75 ^ 0.05 0.0 ^ 0.04 0.08 ^ 0.04
C5 0.19 ^ 0.04 0.19 ^ 0.06 ]37 ^ 5 0.23 ^ 0.05
C4 0.02 0.43 ]53 0.01
C3 0.15 ^ 0.05 1.45 ^ 0.10 ]70 ^ 4 0.98 ^ 0.07

22 and 43 GHz observations is a \ [0.31^ 0.09 at epoch
1996.90. The spectral index of component C3 at 15È43 GHz
changes from a typical spectrum of an optically thin syn-
chrotron source (a \ [0.68^ 0.14) at epoch 1995.29 to a
Ñatter spectrum at epoch 1995.42 (a \ [0.11^ 0.26). The
change in spectrum reÑects an increase of the Ñux at
43 GHz while it fades at 22 and 15 GHz. We note that
component C3 reaches the observed maximum Ñux at
43 GHz at epoch 1995.58 at a distance of 0.75 mas from the
core.

Figure 7 shows the time dependence of the relative
separation between the core and components. For com-
ponents C3 and C4, a linear Ðt to the data yields an appar-

ent angular separation rate of andk3\ 0.42^ 0.04 k4\
0.18^ 0.07 mas yr~1, respectively. The corresponding
transverse velocities are 12 ^ 1 h~1 c, and 5 ^ 2 h~1 c for

h km s~1 Mpc~1, and Linear back-H0\ 100 q0\ 0.1.
extrapolation of the motion of component C3 gives the
epoch of zero separation as 1993.9^ 0.1, which corre-
sponds within an uncertainty of 2 p to the epoch of zero
separation of 1993.3 ^ 0.3 reported by Piner & Kingham
(1998) for their component C3. They found a velocity of
7.1^ 0.9 h~1 c (converting their value to for thisq0\ 0.1)
component, which is less than the velocity we measure.

Our component C4 was not detected by Piner &
Kingham (1998), who reported no new VLBI component
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FIG. 4.ÈHybrid VLBA maps at 43 GHz. The contour levels are 0.5%,
1%, 2%, 4%, 8%, 16%, 32%, 64%, and 90% of the peak intensity seen at
epoch 1995.58, 2.18 Jy beam~1. The restoring beam (0.35 ] 0.15 mas2 at
P.A.\ [2¡, shown at the upper right) is an average of the beam (which
varies little) over all epochs. The dashed lines indicate the mean positions
of the core (A) and a stationary feature (C2). The solid lines indicate the
least-squares Ðt to the proper motions of moving components C3 and C4.

corresponding to the CTA 26 c-ray Ñare. Linear back-
extrapolation of the motion of component C4 gives an
epoch of zero separation of 1995.13^ 0.16, which is consis-
tent with the 1995.263 epoch of the c-ray Ñare reported in
° 2 of this paper. This could be a chance coincidence : Piner
& Kingham (1998) also report no new VLBI components
corresponding to the EGRET detection of c-ray Ñares from
sources 1156]295 and 1606]106. On the other hand, from

FIG. 5.ÈHybrid maps at 22 GHz. The contour levels are 0.25%, 0.5%,
1%, 2%, 4%, 8%, 16%, 32%, 64%, and 90% of the peak intensity seen at
epoch 1996.90, 1.60 Jy beam~1. The restoring beam (0.75 ] 0.30 mas2 at
P.A.\ [8¡, shown at the upper right) is an average of the beam (which
varies little) over all epochs. The dashed lines indicate the mean positions
of the core (A) and a stationary feature (C2). The solid lines indicate the
least-squares Ðt to the proper motions of moving components C3 and C4.

a comparison of times of c-ray Ñares and times of the origin
of new VLBI components as measured using the VLBA for
a larger number of blazars (19), Marchenko-Jorstad et al.
(2000) found that a statistically signiÐcant fraction (but not
all) of c-ray Ñares correspond to the ejection of new super-
luminal VLBI components.

We also identify two additional components, C1 and C2.
Component C1 is very weak and is not detected at 43 GHz;
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FIG. 6.ÈHybrid maps at 15 GHz; contour levels are 0.5%, 1%, 2%,
4%, 8%, 16%, 32%, 64%, and 90% of the peak intensity seen at epoch
1995.42, 1.17 Jy beam~1. The restoring beam (0.98 ] 0.40 mas2 at
P.A.\ [4¡, shown at the bottom right) is an average of the beam (which
varies little) between epochs. The dashed lines indicate the mean positions
of the core (A) and a stationary feature (C2). The solid lines indicate the
least-squares Ðt to the proper motions of moving components C1 and C3.

at 22 GHz a superluminal velocity of 7 ^ 4 h~1 c is found.
Component C2 is detected at all frequencies during 1995
and is found to have a steep spectrum with
a \ [0.73^ 0.09. We conclude that it is most likely a sta-
tionary feature at a position where the jet bends. It is
blended with component C3 in the 1996 images as the latter
passes by.

In Figure 8 the measured position angles are shown as a
function of distance from the core. Our data indicate that
the direction of the jet changes substantially with distance
from the core, as Ðrst suggested by Piner & Kingham (1998)
based on lower resolution images. We observe components
emerging along a position angle of D20¡ near the core. The
position angle then appears to increase gradually, reaching
D80¡ at 1.2 mas, where stationary feature C2 is located, but
then apparently decreases to D55¡ beyond D2 mas.

Moving components C1, C3, and C4 are observed at
di†erent locations in a bending jet at signiÐcantly di†erent
apparent velocities. This may be explained if the jet is
helical, as proposed to explain a number of blazars with
curved jets and variable apparent motion (e.g., 3C 345 :
Hardee 1987 ; Mrk 501 : Conway & Wrobel 1995). If we
assume that each component of the CTA 26 jet has the same
Lorentz factor the minimum required to(!min\ 18.5,

FIG. 7.ÈVLBA measurements of the time dependence of the separation
of CTA 26 jet components from the core. For component C1, the open
stars represent the distance for the 22 GHz model, and the crosses indicate
the distance for the 15 GHz model. For component C2, Ðlled squares are
used at all frequencies. For component C3, Ðlled circles represent positions
obtained from the 43 GHz model, open circles the 22 GHz model, and
open squares the 15 GHz model. For component C4, Ðlled triangles rep-
resent positions obtained from the 43 GHz model, and open triangles the
22 GHz model. Component C5, which is detected only during the last
observation at 43 GHz, is shown with a four-sided square. The linear Ðt of
proper motion for components C3 and C4 is calculated using the data at
43 and 22 GHz; in the case of component C1 only the data at 22 GHz are
used.

FIG. 8.ÈMeasured position angles (measured from north through east)
and distance from the core for all CTA 26 components at all frequencies
and all epochs. Component C1 is shown with open stars at all frequencies ;
component C2 is shown with Ðlled squares at all frequencies ; component
C3 is shown with Ðlled circles at 43 GHz, with open circles at 22 GHz, and
with open squares at 15 GHz; component C4 is shown with Ðlled triangles
at 43 GHz and open triangles at 22 GHz.
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explain the apparent velocity of 12 h~1 c observed for com-
ponent C3 at the optimal viewing angle, h \ arcsin !~1\

assuming h \ 0.65), then the lower apparent velocities3¡.1,
of components C4 and C1 may be caused by suboptimal
viewing angles due to helical motion of the jet. The 5 h~1 c
velocity of component C4 near the core could result from a
viewing angle of either or while the 7 h~1 c veloc-0¡.7 14¡.1,
ity of component C1[ 2 mas from the core corresponds to
a viewing angle of either or The larger angles imply1¡.0 9¡.6.
bends which are expected to be too severe given the high
momentum expected for a relativistic jet.

4. RADIO FLUX DENSITY MONITORING OF CTA 26

There have been several investigations of the possible
correlation between the c-ray Ñux and the radio Ñux of
blazars. Mattox et al. (1997a) noted that all bright c-ray
blazars also emit substantial radio Ñux, which implies with
a statistical conÐdence of 0.9998 that there is some corre-
lation between the radio and c-ray properties of blazars.
Reich et al. (1993) suggest that high c-ray states seem to be
related with high centimeter radio states but that the radio
is sometimes delayed by a few months. However, etMu� cke

al. (1997) Ðnd no linear correlation between either simulta-
neous or average measurements of centimeter Ñux and c-ray
Ñux.

A possible explanation for the lack of correlation report-
ed by et al. (1997) is that centimeter radiation isMu� cke
self-absorbed in the region of the jet where c-rays originate,
and comes predominantly from farther out. Valtaoja &

(1995) claim that c-ray Ñares occur near the startTera� sranta
of a general rise or near maximum millimeter wavelength
Ñux. Bower et al. (1997) found in the case of NRAO 530 that
an increase in millimeter Ñux was correlated with a rise in
the c-ray Ñux detected by EGRET, but that c-ray detections
did not always occur during or immediately prior to a milli-
meter wavelength Ñare.

The radio Ñux density of CTA 26 was monitored exten-
sively with single-dish radio telescopes at diverse fre-
quencies by a number of groups. Figure 9 displays radio
light curves spanning 2 decades at seven radio frequencies.
This Ñux density has been quite variable, with peaks at 8.0
GHz in 1982, 1987, 1990, and 1993.

During the era of the 1995 c-ray Ñare, CTA 26 was being
monitored at 22 GHz and 37 GHz at the RadioMetsa� hovi

FIG. 9.ÈLight curves at the seven most frequently monitored radio frequencies between 1974 and 1998. The vertical line at MJD 9811 signiÐes the epoch
of the c-ray Ñare reported in ° 2.
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Research station, and at 4.8, 8.0, and 14.8 GHz with the
University of Michigan Radio Observatory. Monitoring at
2.25 and 8.3 GHz with the Green Bank Interferometer
occurred until 1994 May, and then resumed when the GBI
group was informed of the c-ray Ñare reported in ° 2. The
radio light curves during the era of the c-ray Ñare are shown
in Figure 10. A modest radio Ñare is observed to follow the
c-ray Ñare. Because these observations include Ñux from all
radio components, it is not possible to extract detailed
information on the radio Ñare. However, the data are con-
sistent with a radio Ñare which peaks at 37 GHz within
weeks of the time of the c-ray Ñare, and is also apparent
later at lower frequencies at a reduced amplitude as
expected for an expanding plasma. Because this radio Ñare
is weak (larger Ñares are apparent in 1994 and 1997), it
cannot be uniquely associated with the c-ray Ñare given the
potential range of delays possible for the emergence of a
radio Ñare following a c-ray Ñare. However, the contempo-
raneous emergence of a superluminal VLBI component
adds weight to the possibility of an association.

We note a possible correspondence between the radio
Ñare of 1993, which peaks at 37 GHz at 1993.38, and the
extrapolated ejection of component C3 at 1993.9^ 0.1.
Also, there is a possible correspondence between the radio
Ñare of 1997, which peaks at 37 GHz at 1997.25, and the

ejection of component C5, which is Ðrst seen at 1997.59.
There were no EGRET observations of CTA 26 during the
1993 and 1997 radio Ñares.

5. CONCLUSIONS

We report a dramatic c-ray Ñare for blazar CTA 26,
showing at peak the third largest c-ray Ñux of any of the
blazars observed by EGRET. The c-ray Ñux increase was
rapid, at least a factor of 4 in less than 1.3 days. A weak
radio Ñare was observed to peak within weeks of the c-ray
Ñare. Post-Ñare VLBI results are presented. In these images
we detect several radio components. One component
existed at the time of the Ñare and is observed to have an
apparent transverse velocity of 12 ^ 1 h~1 c. A second com-
ponent is visible in images starting in 1996 and shows an
apparent transverse velocity of 5 ^ 2 h~1 c. A linear
extrapolation of the motion of the slower component indi-
cates an origin at the core at a time consistent with the c-ray
Ñare. An additional possible component is seen with a
superluminal velocity of 7^ 4 h~1 c.
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