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ABSTRACT

Aims. The goal of this work is a detailed study of the nearby, low povadio galaxy B2 114435B.

Methods. For this purpose, we performed new Very Long Baseline ArkdyBA) and Very Large Array (VLA) observations.

Results. This source has several properties (bright, nearby, lagege of spatial structures, visible counterjet, etc.) thake it an
excellent astrophysical laboratory for the study of thel@von of radio jets. Here we report the detection of motioittie counterjet

at 0.23+ 0.07 c, which allows us to estimate the orientation of the@esscale jet at 33 7° from the line of sight, with an intrinsic
velocity of (0.945%)c. We also report on a brightening of the core at high freqiesnwhich we suggest could be the result of a new
component emerging from the core. High dynamic range VLBA&eobtations at 5 GHz reveal, for the first time, extended doriss
connecting the core with the bright complex of emission tlmhinates the flux density of the parsec scale structurequéncies
below 20 GHz. The evolution of this bright complex is consétkand its slow decline in flux density is interpreted as ésailt of an
interaction with the interstellar medium of the host galaxy

Key words. galaxies: active — jets — nuclei — individual (B2 11435B)

1. Introduction VLBI data (Giovanninietall 1999) reveal complex structure
_ over a broad range of physical scales (1 pc — 1 Mpc). The bright

The low power radio galaxy B2 11485B (hereafter referred 5rcsecond scale core is resolved at milliarcsecond résolinto
to as 114435) is identified with a faint (g = 15.7) Zwicky g nyclear source, a main jet with an apparent superluminal ve
galaxy (ZW186.48) in a medium-compact galaxy cluster at|8city, and a faint counter-jet (cj).
redshift of 0.0630. . . We present here new multi-frequency VLBA observations

In an optical study of bright, flat-spectrum radio sourceg§?) to study the source evolution, proper motion, flux density
Marcha et al.[(1996) classify 11485 as a BL Lac candidate variability, and radio spectral inde%3). Moreover we present
even though its spectrum showsrtnd [NII] emission lines flux density measurements of the arcsecond core in ordente co
(Colla et all 19755; Morganti et al. 1992). From a comparisen bpare its variability with the parsec scale source evolufResults
tween the measured line equivalent width and the line cebtragre discussed if4, and conclusions are given§s.
Marcha et al.[(1996) suggest that 13485 could be a diluted BL Assuming K = 70 km sec! Mpct, Qn = 0.3 andQ, =
Lac. 1144-35 has also been included in an imaging and speg:7, the luminosity distance (pfor 1144+35 is 282.7 Mpc, the
troscopic survey of low and intermediate power radio g&8xiangular distance (§) is 250.2 Mpc with a conversion facter
(Ebneter 1989). A CCD residual image shows a very definite ay&1 kpg.
of dust in the nuclear region of the host galaxy.

From the radio point of view, 114485 has a peculiar struc-
ture as discussed in detail by Giovannini etlal. (1999). ¢hiar- 2. Observations and Data Reduction
acterized by a large scale FR-I radio structure land Machalsk
(1998) classifies it among the giant radio galaxies. Thé &ota 2-1. VLBI Data

gular size is~ 13’ corresponding to a projected linear size ofgy gpservations have been obtained with the VLBA of the
~0.9 Mpc. .Th? total raoho power at 1.4 GHz is 6‘3_024 W NRAJ] on February 17, 2002 at 5 and 8.4 GHz and on
Hz 1. Despite its large size, the kiloparsec scale radio StrBCtLSeptember 22 2005 at 1.5. 5. and 8.4 GHz. Observations were
is core dominated with a short, bright two-sided jet. Th&sace 4 rried out, switching often betweerfléirent frequencies in or-
ond core exhibits long-term flux density variability. Its¥lden- 44 0 obtain good and unifornu,v) coverage. The data were

sity showed a large increase from 1974 to 1980 followed by, ; ; : o
smooth increase until 1992. From 1992 until 1999 the armcoc%rrelated in Socorro with the VLBA correlator. Amplitucaie

core flux density has been decreasing (Giovanninilet al. 1999 1 11.o National Radio Astronomy Observatory is operated by
The first VLBI observations of this source were carried oWssociated Universities, Inc., under cooperative agreemsth the
bylGiovannini et al.[(1990), and successive VLA, MERLIN andlational Science Foundation
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Table 1. Arcsecond core flux densities

Epoch  Flux(mJy) Flux(mJy Flux(mJy) Flux(mJdy) Flux(mJy) uk{mJy)
mm-yy 1.4 GHz 5.0 GHz 8.3 GHz 15 GHz 22 GHz 43 GHz
03-02 399 330 263 226 200 146
06-06 338 243 222 204 193 153

bration was performed using observations of the systemaemprlable 2. Flux densities at various epochs of VLBI components
ature and antenna gains in the standard way. Data were ylobal

fringe-fitted and calibrated in AIPS. We made several iteret Component Epoch 8.4GHz 5GHz 1.4GHz

of phase self-calibration, followed by a final phase and galf: yr mJy mJy mJy

calibration when necessary to produce the final image. A 1995.22 255 - -
Observations at 8.4 GHz (2005 epoch) were performed A 1995.90 224 - -

in a phase-referencing mode in order to obtain a good core A 1997.74 184 - -

position useful for future studies of absolute motion. We A 2002.13 103 147 '

. - A 2005.72 63 68 130
used J11303815 as primary calibrator, and J1k3D31, B 1995 22 28 7 ) -
J1214+3309 as secondary calibrators. B 1995.90 37.0 3 3

B 1997.74  21.8 - -
B 2002.13 11.9 - -
2.2. VLA Data B 2005.72 2.9 6.2 -
We obtained a 2 hour observation with the VLA (NRAO) in C 1995.22 59.7 - -
the A (March 2002) and /B configuration (June 2006) to inves- g igg??g gi'g i i
tigate the flux density variability of the arcsecond scaleecdhe C 500213 537 50.1 )
data have been cahlbrated in the standard way using the NRAO c 2005.72 74.0 43.4 24.6
AIPS package and imaged using the task IMAGR. In these im- Al 1995.22 41.5 - -
ages due to the lack of short spacings and the short integrati Al 1995.90 34.9 _ _
time, only the unresolved arcsecond core is visible andthes Al 1997.74 43.7 - -
we make use of these data only to discuss the variabilityef th Al 2002.13 27.5 42.3 -
arcsecond core. Observations were performed afférdnt fre- Al 2005.72 29.3 32.5 -
quencies and the core flux density for each is reported ineTabl Bl 2002.13 9.6 - -
1. The core flux density was derived by fitting a Gaussian to the E% gggg-g g-g 6.7 -
nuclear source in the image plane. B2 5005.72 75 6.9 i
JT 2002.13 164 232 -
JT 2005.72 115 125 269

3. Results

3.1. Parsec scale morphology, variability, and spectral . .
indices preieay; Y P alignment between components Al, D, C, and E while compo-

nents A, B, B1, and B2 are slightlyfioaxis. A low-brightness

The new observations confirm the general structure repartecemission in front of component A is present, probably cotedc
Giovannini et al. [(1999). We label theftérent components asto component Al.
shown in Fig. 1, in accordance with Giovannini et al. (1999). At lower frequency (1.4 GHz, Figure 3) no low brightness
The parsec scale structure at 5 and 8 GHz (Figs. 1 and 2) iseeission is visible at larger distances from the core. Tl fa
solved in a nuclear source (C) with a shortjet (D) and cj $tmec  (~ 1 mJybeam) extended feature seen in 1995 observations at
(E). The core position from the phase reference data is: R.A~ 90 mas from the core (Giovannini et al. 1999), aligned with
1147 22.12902 Dee +35 01 07.5350 (J2000). At about 25 mashe A+B structure, if real, could have been missed because of
east of the core we detect an extended jet like structure @A dower brightness due to expansion. The extension just intfro
B components) which dominates the flux density in the VLBt the compact A component is confirmed. The jet is transver-
images. This jet structure is extended, clearly limb-tegled, sally resolved suggesting the presence of a low brightriesp s
and connected to the core by a low-brightness emission. T$gectrum emission surrounding the brighest jet regiorilsleis
opening angle is- 10°, in agreement with the value found byhigh resolution maps at 5 and 8.4 GHz.
Giovannini et al.[(1999). The shape of this extended fea8ire In Table 2 we report the measured flux density dfedent
similar in different epoch observations. In particular the higlepochs and frequencies for each component. Components are
resolution images at 8.4 GHz confirm that component Al is reamed according to Figure 1. JT is the total flux density of the
solved into an extended complex structure aligned with ammpmain jet (A, A1, B, B1, B2 components). It can be slightly hégh
nents C, D, and E. Furthermore this complex structure curvesthan the sum of dierent components because of low surface
the direction of component A, suggesting a possible jetlliecoflux density in between the single substructures. The flux den
mation, most evident in the last epoch. Moreover a fairly €orsity variability is shown in Figure 4 for the main components
pact component B2, not present in 1997 images, has emerg¢glshow only 8.4 GHz data, since at this frequency bettesstat
just west of component B1. The flux density of compact sulics are available, and we have the high angular scale images
structures is not constant. necessary to separate the various components.

At 5 GHz and in the low-resolution 8.4 GHz images, for the We derived the spectrum of individual components using
first time, the connection between the two-sided core regimh data at the 2005.72 epoch when threffedent frequencies were
the distant jet structure is readily visible confirming ttezpliar available. We confirm the results published in Giovannirzlet
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Fig. 1. VLBI images of 114435 at 8.4 GHz. Left: 2002 epoch; the HPBW is X21.0 mas in PA -28 the noise level is 0.1
mJybeam. Contours are:0.5 0.5 0.7 1 1.52 253 5 7 10 15 30 50 70 rinddam. Letters indicate filierent components as
discussed in the text. Right: 2005 epoch; the HPBW is 2mas; the noise level is 0.05 milgam. Contours are drawn at0.3
0.20.30.50.712357 103050 70 rytdgam.
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Fig. 2. VLBI image of 114435 at 5 GHz (2005 epoch). The ™[ 5 . l
HPBW is 2.6 x 1.9 mas in PA @ the noise level is 0.06 ‘ ‘ o @
mJybeam. Contours are drawn at0.15 0.150.30.513510 %o 50 0 50 100
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(1999): i) component C is the only self-absorbed component .
W|th the Se'f-absorption frequenc?y 8.4 GHz ?j = -0.61 F|g 3.VLBI |mage Of 114435 at 1.5 GHz (2005 epOCh). The

+0.03, assuming $f « v°); ii) the spectral shape of compo-HPBW is 10 x 10 mas; the noise level is 0.14 midgam.

nent A, despite the large variation in flux density, did naoge: Contours are drawn at:0.5 0.4 0.7.1 3 57 10 30 50 100 150
39 = 0.51+0.02 with a high frequency flattening4 = 0.15 mJybeam.
+0.04) in agreement with the compact structure of this compo-
nent; iii) other components show a moderately steep spactru
The average spectrum of the whole strong jet componerf;ﬂis
Based on its spectral properties and compactness we confage. The spectral index image confirms the properties ofesing
component C as the center of activity for 1185B. components as discussed above, moreover it shows thatdtte sh
Using 5 and 8.4 GHz data obtained at the same epoch jgeand cj components (D and E) have a steep speciuwunl(.0)
produced images with the samg ) range, cellsize and angularand that also the low brightness structure connecting D tisAl
resolution. We used these data to produce a spectral index irary steep¢ in the range 1.1 - 1.6).
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Fig. 4. Flux density measures at 8.4 GHz affelient epochs of Fig.5.Distance of A, B, and E components from the parsec scale
the arcsecond core and of parsec scale components namedae (C) at diferent epochs. Connecting lines are for display
cording to Figure 1. Connecting lines are drawn for displas p only.

pose. Components B1 and B2 are omitted for clarity and becaus

of their low flux density. Flux density errors are 2% or 0.1 mJy

for fainter components.

Table 3. Distances from the core atftérent epochs

Epoch E A B  Frequency —

year mas mas mas GHz L 1144+35
1990.89 - 20.2 164 5.0 o6 b
1993.44 - 214 18.0 5.0
199522 2.1 225 186 8.4
199590 2.2 228 189 8.4

1997.74 24 238 1938 8.4
2002.13 2.6 26.0 220 8.4 =
2005.72 27 276 244 8.4 2

3.2. Proper Motion

We used the observations made dtatent epochs to measure
the apparent proper motion of components A, B, and E with re-
spect to the core component C. We note that new observations
confirm the result discussedlin Giovannini et al. (1999) that R N T T
relative positions of main jet sub-structures appear @msh 1970 1980 1990 2000 2010
time. Also the radio emission centroid of component Al in dif Epoch (vear)
ferent epoch images is always in between the A and B compo-
nents, suggesting a similar apparent velocity for all thghtjet Fig. 6. Core flux density at arcsecond resolution, afetent
structure. The position of the short jet D is poorly defined b&pochs and frequencies. Lines connecting points are fplagis
ing smooth with no substructure, therefore it is not posstbl only.
measure a reliable proper motion for it.

In Table 3 and Figure 5 we show the distance of components
A, B, qnd E from Cat dterent epochs. For component E We US§ 3 The arcsecond core
only high resolution 8.4 GHz data. By considering all observ
tions to date we measure for the first time a proper motion ®he arcsecond core of 11435 is the dominant feature of
the cj (E) structure in agreement with the previous uppeitlimthe radio emission from this galaxy and has long been known
Bacj = 0.23+ 0.07, while we confirng,; = 1.92+ 0.05 for com- to be variable [(Ekers etial. 1983). The arcsecond core flux
ponents A and B (note thefiérent cosmology used here withdensities available in the literature have been presemted i
respect to previous papers). Giovannini et al.[(1999). We add here new recent measurement
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(Table 1). In Figure 6 we present the plot of the arcsecond cor In this scenario the gap between the core and thB som-
flux density at diferent epochs and frequencies. plex is explained by the low valuez(1) of the Doppler factor
We derive the core spectral index by comparing observatiopefore the velocity decrease of the outer sheath. The jet sub
at the same time or very near in time. We note that from 198@ructures are regions with a strong interaction betweeret
until 2002 we have a flat spectrum on the lower frequency ranged the surrounding medium, with a jet velocity decrease and
(39) which however is steepening in time (0.10 in 1990, 0.22 higher observed brightness. The large asymmetry betwgen A
in 2002). In the higher-frequency range (5 to 15 or 43 GHand A+B+B1+B2 side could reflect a fiierent interaction be-
the spectral index is constant in time and slightly steepg}: tween the jet and an inhomogeneous ISM (see Giovannin! et al.
= 0.38. In the 2006 epoch we have a significant change withl899, for a more detailed discussion).

flattening in the higher frequency rangeﬁ:ﬁ = 0.26 andag% We note that a jet velocity structure is readily detecteg onl
= 0.21). Uncertainties in the above spectral index values-aren sources in a narrow range of orientation with respect & th
0.03. line sight: in sources near the plane of sky only the extesin@r

is visible, while in sources at a small angle with respectht® t
line of sight, the fast spine is highly boosted and dominties
4. Discussion radio images.

4.1. Jet Orientation and Velocity
) 4.3. Flux density variability
From the measured apparent proper motion of the parsec scale

jet and cj, assuming intrinsic symmetry, we can depeess The arcsecond core flux density of 13485 shows a slow, but

for this parsec scale jet independently of the Hubble constavell defined variability (Figure 6). The core flux density in-
following Mirabel & Rodriguez[(1994): creases from 1974 t0 1994 and decreases from 1994 to 2002 at

all frequencies. From a comparison of the flux density variab
ity of arcsecond and VLBI components (see Figure 4 and Tables
1 and 2), it is clear that the flux density decrease is not due to
the VLBI core but to changes in the compact jet component A.

(Baj — Bac)/(Baj + Pac)) = BCOSH

We find: The reason of the strong flux density decreases of component A
pcosy = 0.79+ 0.07 is not clear:
Since we know the source,0n the present cosmology we — The decrease cannot be due to adiabatic expansion since in
can also derive the intrinsic jet orientation (Mirabel & Rionie? all epochs this component is slightly resolved in images at
1994): 8.4 GHz and we did not measure any increase of its size;

— We exclude a flux density decrease because of radiation
_ o _ _ losses related to the aging of relativistic particles, beea
tany = (2Da pjpej)/ (Cluj = ej) of the too short time scale and the constant spectrum at dif-
ferent epochs (moreover the flux density decrease is present
wherey; anduc; are respectively the jet and cj angular velocity  also at 1.4 GHz);

from proper motion measures. — The decrease cannot be due to a change of the Doppler fac-
We find@ = 33 + 7° and thereforg = 0.94+3% is the in- tor because of a fierent orientation angle with respect to the
trinsic value of the jet velocity in ¢ unibThese values agree  line of sight, or a jet velocity decrease since the proper mo-
with the measured jet - ¢j arm ratio- (10) which implies tion of the whole bright jet structure is regular and constan
(Giovannini et al. 1998; Taylor & Vermeulen 1997): in time.
Boosh ~ 0.8. It could be due to a change of the external medium: compo-

nent A being the most distant component of the jet substrectu
] ] ~_could be interacting with a dense cloud and local reacéterat

Therefore the pattern jet velocity from proper motion is iprocesses have increased its brightness. In this sceaasimd
agreement with the jet bulk velocity derived from the jetagh 1995 the A component emerged from a cloud and its brightness
ratio. The Lorentz factoy is 2.9 and the Doppler factaris ~  started to decrease. A dynamic interaction of the wholetjets
1.6. ture (A+ B components) is supported also by the small changes
in its morphology such as the presence of a new sub-component
(B2) with respect to previous images. This is a speculaifiveal
we should see a change in the proper motion velocity: slower
In light of previous results and in agreement with the disaus before (during the interaction with the cloud) and fastéerethe
given in|Giovannini et al. (1999), the limb-brightened jebm interaction. Unfortunately we started to monitor the parszale
phology can be explained by a transversal velocity strecfline structure when the flux density was already decreasing thite
observed brightness of the external jet regions is ampl{fieel cloud interaction) so that we cannot yet put this model tag¢se
Doppler factor isy ~ 1.6). If we assume that the inner jet spineis  We note that in the 2002 - 2006 period the arcsecond core
moving at higher velocity (e.g. 8 ~ 0.998), the spine Doppler flux density decrease stopped in the high frequency range (we
factor will bes ~ 0.39, therefore the observed brightness of tHeave a flux density increase at 43 GHz and a constant value at
inner spine is dimmed and the jet will appear limb-brighte#e 22 GHz). This change in the flux density variability is not doe
similar structure was found in the BL Lac object Markariai 50the A component (see Figure 4), but to an increase in the VLBI
(see Giroletti et al. 2004). core flux density, which became in 2006 the strongest compo-
nent on the VLBI scale. A possible interpretation of thisutes
2 Note that we did not assume an error for the Angular Distance. that the core C began a new active phase with the emission of a

4.2. Parsec scale jet morphology
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new component not yet visible in ourimages because of itd smia clusters|(Allen et al. 2006), and could be important in éow
size and short distance from the core. This componentlisslil luminosity systems as well.

absorbed at frequencies lower than 22 GHz and we find indica- A few peculiarities have not yet been understood: 1) high
tion of its existence only at 22 and mostly at 43 GHz. Therefogensitivity images reveal the connection between the caedC
only the arcsecond core flux density measured at high frezyuehe bright jet substructure confirming the peculiar aligniriee-

is at presentfdected by this new component. Assuming a seltween components A1, D, C, and E while other bright compo-
absorption frequency above8.4 GHz, and equipartition con-nents (A, B, B1, B2) are slightly fd axis. 2) The low bright-
ditions, the size of this new component<s0.03 mas. If this ness emission in front of component A is in contrast with our
component is moving at the same expanding velocity of the jéivored scenario in which the bright spot A is the working-sur
we should start to resolve it in VLBI images at 8.4 GHZIr2  face of the jet impinging on the surrounding medium. 3) The
years. evident asymmetry between components Al and the A, B, B1,
and B2 complex, possibly due to dldirent interaction with the
ISM, implies diferent properties in the ISM on the parsec-scale.
4) Investigation into the low brightness extended emission

The large scale structure shows a clear discontinuity hmtweounding the bright jet components will require higher stns

the extended relaxed lobes and the high brightness arasectidata before it can be properly discussed.

core and jets. These observational data suggésteint phases  The study of the flux density variability in this source is im-

in the life of this radio source: the extended structure igler portant to understand the small-scale structures. Thentéte
emission with an age in the range 5 tx9.0’ yrs as estimated crease in the core (component C) flux density at high frequenc
in/Giovannini et al.[(1999), while the emission on the aroselz  is interpreted as evidence of a new jet component expeléed fr
scale has a shorter dynamical age: assuming an averagéyeldbe core a few years ago and now moving along the jet. Further
of > 0.02 c for the arcsecond structure we derive an agelD along the jet, the large f_qu density decreasg of the arcskecon
x107 yr, taking into account projectiorfiects. core from 1992 to 2002 is due mainly to the jet component A,

We note also that the parsec scale jet emission does not Elét-the phyS|c§1l mechanism is _St'” unknown. ) L )
crease smoothly in our VLBI maps. The main parsec scale {et A spectral index study confirms the core identification with
appears to stop at the end of the A componert30 mas from he only self-absorbed component anq shows that compact sub
the core. Assuming a constant velocity (see Figure 5) the mé&Pmponents have a flatter spectrum with respect to extended |
VLBI jet structure was emitted from the core a few decades agyightness regions.
circa 1950. Moreover we see from VLBI images the main com- The proper motion of jet components is regular and constant
ponent A is followed by a complex bright structure with manin time. The detection of a cj proper motion allows us to deriv
subcomponents suggesting that the source activity refatég the intrinsic jet velocity and orientation with respect e tine
emission of the A component lasted about 10 - 20 years with @hsight. These results are in agreement with the estimatteeof
almost continuous ejection. Presumbably source activityjat  bulk jet velocity derived from the jet to cj arm ratio.
production was also present in epochs before 1950, since the The radio morphology of this source shows clear disconti-
are evidences from MERLIN data that a low level flux densityuities at diferent linear scales suggesting a continuous activity
emission is present at larger distances from the core, isghne  but with high and low level periods. The connection betwéés t
position angle. Moreover the short arcsecond-scale jet/stao continuous, but not constant, radio activity of the cenftf@N
high brightness well defined structure. We can suppose thiat mwith the evolution of the parent galaxy is not yet understood

tiple activity phases happened in the Iasl $6. Inthis scenario  The radio galaxy 114435 is an interestingstrophysical
we can add the evidence discussed in the previous sub-sectifhoratory to study parsec scale jet properties and evolution and
that a new component was emittechr2002 and should be vis- their connection with the kiloparsec scale structure, bseaf
ible at 8.4 GHz in a couple of years, giving us the opportuttity jts |ow redshift, complex but well studied structure, camstout
Study its evolution in connection with the arcsecond-sflabe slow Var|ab|||ty in flux density and morphok)gy’ a well deted
density variability. jet and counter-jet proper motion, and a large amount ofl-avai
Finally we note that the new data do not add any informaticible data.
to understanding the reason for the asymmetry between the Al f e compare this source with other low-power radio galax-
and A+B jet structures. This remains a puzzle. ies, we find that the measured jet velocity and orientatioaes)
with unified model predictions and with general parameters d
rived from statistical studies (e.g. see Giovannini et 801).
5. Conclusions 1144+35 is one of the few sources where the jet velocity from
proper motion is in agreement with the jet velocity from the |
New observations discussed here confirm the complex parseciarm ratio. However some properties of this source artequi
scale structure of the source 114856. This parsec-scale struc-peculiar and not yet understood as discussed before. litpart
ture is well-defined and we can easily follow it infidrent ular the level of radio activity in this source is clearly roain-
epochs. However some changes are evident, in particular gt@nt in time. Hints of recurrent activity have been foundtimer
flux density decrease of the A component and the presence ¢da-power radio galaxies, but ficiently detailed studies for
new fairly compact component B2 in the main jet structurg; sua comparison to 11445 are lacking. We can conclude that,
gesting a dynamic interaction with the surrounding medimch awhile some general properties of low-power radio sources ar
possible local particle reacceleration by turbulence hSoter-  at present well-established (e.g. existence of relaitivjsts on
actions may trigger star formation (Croft et/al. 2006), amftlii  the parsec scale, jet velocity decrease with core distaiure,
ence the evolution of the host galaxy. Feedback mechaniems ihection between pc and kpc scale jets), properties of tedtar
tween the growth of the central black hole and the galaxywevolradio sources are still poorly known and require deep and de-
tion have been shown to be important in large elliptical giaks tailed studies.

4.4. Source evolution
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