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Circumnuclear HI disks in radio galaxies

The case of Cen A and B2 0258435

C. Struvé?, R. Morgantt? and T.A. Oosterlob?

1 Netherlands Foundation for Research in Astronomy, Pos2bif®90 AA, Dwingeloo,
The Netherlands

2 Kapteyn Institute, University of Groningen, Landleven 9747 AD, Groningen, The
Netherlands
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Abstract. New Hi observations of the nearby radio-loud galaxies Centaurusné
B2 0258+35 show broad absorptiom\{apsorp ~ 400 km s?) against the unresolved nu-
clei. Both sources belong to the cases where blue- and festshbsorption is observed at
the same time. In previous Cen A observations only a relatareow range of redshifted
absorption was detected. We show that the data suggestirchses the existence of a cir-
cumnuclear disk. For Cen A the nuclear absorption might beatbmic counterpart of the
molecular circumnuclear disk that is seen in CO andHHgher resolution observations are
now needed to locate the absorption and to further investitp@ structure and kinematics
of the central region of the AGN and the way the AGN are fueled.

Key words. galaxies: active — galaxies: ISM — galaxies: individual:n@eirus A and
B2 0258+35 — galaxies: kinematics and dynamics

1. Introduction tion of gas from the ISMGM (Best |2005;
Balmaverde 2008).
The central region of AGN and the way AGNA powerful tool to learn more about the
are fueled are important topics in currenstructure of the central regions of AGN and
extra-galactic astronomy. Mergers have alwayi§e fueling mechanism is the study of the
been considered important for the triggering dilistribution and kinematics of the gas. In order
AGN by providing the mechanism that couldo perform detailed studies of single objects
bring gas to the central regions and fuel thwe have selected two iich radio-loud
black hole (e.d. Hibbard & van Gorkom_1996galaxies, the merger remnant Centaurus A and
Mihos & Hernquist [1996; [ Barnes| 2002).B2 025835 (NGC 1167). The later is unlikely
While this seems to be likely in powerfulto be a recent merger but has a young radio
radio galaxies, recent observations show thgpurce suggesting that “cold accretion” from
other AGN - e.g. low-power radio galaxies the IGM plays the dominant role by providing
exist where there is no evidence for accretiothe fuel for the AGN activity (see Sect. 3).
through mergers. The activity in these galaxi§eutral hydrogen is an ideal tracer of ac-
appears to be associated with the slow accreretion, interaction and merging events.


http://arXiv.org/abs/0807.4476v1

2 Struve et al.: Circumnuclear Hlisks in radio galaxies

- e s tFT = 2
0k +800 r—\ s » ¥
| Fastinner dlSK/J«:— L ) i
——— S
0.005 @ = SN L =
= = 4 . =
% -0.01 E +600f-— (o 4y -
8 &4 ’ = .|
=
2 e 4
% 0015 = - . .
E = gy
T 3] F= y ry
o002 o +400}= . » e
i o — ; - Lo
> r_,“-"if; . | Large-scale dustiane | ]
0.025 . . S TPV YA ;

I L L
600 700 800
velocity [km/s]

! il
400 500 200

+200)

T

o

’ " 4
>

o

Angular Offset

Fig. 1. Centaurus A: Left panel: Habsorption against the unresolved nucleus as derived fierATCA
observations (Morganti et al._2008). The total absorptidtihwanges from 400 to 800 knmi’s The arrow
indicates the previously known (redshifted) absorptidme Vertical line gives the systemic velocity. Right
panel: Position-velocity plot of the Hgrey-scale and thin contours) and superimposed the CGsimis
(thick contours; from Liszt|(2001), taken along positiomgkn139. Note that the CO observations do not
extend beyond a radius of about 1 arcmin. Figure taken ffrongiftdi et all [(2008).

Hi in absorption has been often detected. Centaurus A
in radio sources (see e.g. Conway 1997,
Vermeulen et all_2003; Morganti et dl. 2005)The prime galaxy to investigate these questions
These absorption structures have shown a vig-Centaurus A, the closest radio-loud galaxy at
riety of characteristics. Habsorption profiles a distance of only 3.5 Mpc. Observations have
only redshifted (relative to the systemic velocshown redshifted H absorption against the
ity), were initially found in a number of radio unresolved nucleus (e.g. van der Hulst et al.
galaxies and interpreted as gas clouds that akt883; |Sarma etal.l 2002). This has been
falling into the nucleus, possibly indicatinginterpreted as gas clouds close to the nucleus
accretion of gas which deliver the fuel for thewhich are falling in, feeding the black hole.
AGN (e.glvan Gorkom et &l. 1989). HoweverHowever, our new ATCA observations
more sensitive and broader band observatiofdorganti et al. 2008; Struve et al. in prep.)
have shown that the picture is more complirevealed for the first time blueshifted absorp-
cated and that blueshifted absorption occuf®n (w.r.t. the systemic velocity). Moreover,
even more often than redshifted absorptiothe data show that the nuclear redshifted ab-
(e.g. Vermeulen et dl/_2003; Morganti et/al.sorption is significantly broader than reported
2005). before, see Fig. 1. The total absorption width
In other cases, the Habsorption is centered onis 400 km s*.
the systemic velocity of the galaxy and thesg@he large-scale gas and dust disk has a
cases have been often interpreted assboci- complicated warped structure which is close
ated with a circumnuclear disk (or torus), set edge-on. Thanks to a careful modeling of
e.g.[Conway [(1997), Peck & Taylor_(2001)the warped disk of Hseen in emission (and
Support for the picture of a circumnucleapartly in absorption) we have shown that the
disk comes from theoretical work that indeedhuclear absorption must arise mainly in the
predict the existence of such circumnuclea#icinity of the nucleus (Struve et al. in prep.).
H1 disks around (active) black holes (see e.dhis raises the question of what the structure
Maloney et al.| 1996; Lodb 2008). Thus, thén the vicinity of the black hole is and which
picture is more complicated and the questiori®echanism fuels the black hole.
concerning the central structure and fuelinghe fact that red- and blueshifted absorption
remains. is observed at the same time suggests that
the Hi absorption is not, as was previously
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Fig.2. B2 0259+35: Left panel: H absorption against the unresolved nucleus as derived fnenmeéw
WSRT observations (Struve et al. in prep.). The total abigorpwidth is larger than 400 km~& The

vertical line indicates the systemic velocity. Right par®&bsition-velocity plot of the H (grey-scale and
contours) taken along the major axis (PA75°).

claimed, evidence of gas infall into the AGN,(Tingay & Murphyl [2001), indicating the
but instead is due to a cold, circumnuclegoresence of continuum structures that are too
rotating disk, similar to that seen in CO (Fig. 1large to be properly imaged. Therefore, the
Liszt| 12001) and at other wavelengths (e.cabsorption could (at least partly) also arise in
Neumayer et all 2008). However, the absorgront of this difuse component, explaining the
tion is limited by the background structurefull absorption width observed in the case of a
VLBI observations, which have much highercircumnuclear H disk.

angular resolution than the ATCA data (beam

size ~ 6"), revealed significant structure on

milli-arcsecond scale: an unresolved nucleus,

a jet and a counterjet (e.g. Jones etlal. 1998; B2 0258+35

Tingay & Murphy 2001). T_he nu_cleus is B2 0258+-35 is a young radio source (10° yr,
only visible at high frequencies, while at lOWGiroIetti etall [2005) with a two-lobes

Uiglljenmles (2.'3 E‘H‘Z Jgnes el al.t_ 19[?]6),[ ttﬁse(ructure extended about 1 kpc. The stellar
nucleus IS obscured, suggesting tha opulation contains old plus intermediate age
spectrum is inverted and the nucleus is al

invisible at 1.4 GHz. Thus, the absorptio 4 Gyn) stars, but does not have a young

observed with the ATCA must arise from arh? em Eggte r;]tal(aExrgolil]gCfog; izuggfsatmrg cg]rit
extended structure.

The nuclear disk detected in molecular an erger..Therefore,the radiQ source is unlikely
ionized-gas lines (see ref. in_Morganti et al be triggered by a merging event. A large
5008 hg . . th tis rouahl (~ 160 kpc), regularly rotating Hdisk (con-

) has a major axis that is roughly pertaining more than 1% M, of H1) has been

peqdicular to the jet axis. Thgrefore '.if theobserved with the WSRT|_ (Emonts 2006).
H1 is located in a rotating disk and 'f.theNew WSRT observations show the presence
absolrptlorll a}trllses lagalntst ttt?e /qmiutnte.r-Jet of halo gas which is being accreted from the
- only velocities close o he SyslemiC arges, (Struve et al. in prep.). The large, regular

expected, given the small opening angle - - o
the jet. Thus, it would be hard to explain theOtatIng b disk (which is not warped) further

X . e confirms that NGC 1167 is an old merger but
large velocny width. The absorptlon is I|kelythe presence of halo gas suggests that “cold
to be occurring elsewhere. Interestingly, extr ccretion” from IGM may be occurring, and
flux (? =0 r_n.Jy) is clearly present on thg Shor?ould perhaps be related to the trigger’ing of
baselines in the 1.4 GHz VLBI experimentg, - AN
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Against the radio source (unresolved irkinematics in the vicinity of the AGN. For both

the WSRT observations) fairly symmetricsources it will be interesting to investigate the
blue- and redshifted absorption is foundpresence of velocity gradients (which might
AVapsorp > 400 km s (Fig.[2, Struve et al. in be evidence for circumnuclear disks) as well
prep.). Unlike for Cen A, the continuum struc-as radial motions (infglbutflow?).

ture of B2 025835 is extended around the

nucleus on the arcsecond scale in all directior$knowledgements. This research was supported
and not only along the jet axis (Giroletti et/al. Py the EU Framework & Marie Curie Early

2005). Hence, the data suggests that t age Training prograere under“contract number
absorption is caused by a cold, circumnucledi=o1-CT-2005-19669 "ESTRELA". The Australia

disk elescope is funded by the Commonwealth of

: Australia for operation as a National Facility man-
aged by CSIRO. The WSRT is operated by the
Netherlands Foundation for Research in Astronomy
with support from the Netherlands Foundation for
Scientific Research.

Using new, broad band observations of Cen A

and B2 025835 we have shown the presenc@eferences

of blue- and redshifted Habsorption against

the unresolved nuclei. Both galaxies belongalmaverde, B. 2008, A&A, 486, 119

to the group of radio-loud galaxies wheréBarnes, J. E. 2002, MNRAS, 333, 481

blue- and redshifted absorption is observedest, P. N. 2005, MNRAS, 362, 25

at the same time. Previously, for Cen A onlyfConway, J. 1997, Proc. of “High-Sensitivity
a narrow range of redshifted absorption was Radio Astronomy, p.153

detected. Emonts, B. H. C. 2006, PhD thesis, Univ. of
We have shown| (Morganti et al. _2008) that Groningen

the Hr absorption in Cen A is not evidenceGiroletti, M., et al. 2005, A&A, 441, 89

of gas infall into the AGN, but instead is dueHibbard, J. E., van Gorkom, J. H. 1996, AJ,
to a cold, circumnuclear rotating disk. The 111,655

absorption profile of the WSRT data suggest¥ones, D. L., etal. 1996, ApJ, 466, L63

the same interpretation for B2 02685. Both Liszt, H., 2001, A&A, 371, 865

observations are in agreement with theoretichbeb, A., 2008, JCAP, 5, 8

work which predicts the existence of suctMaloney, P. R., etal. 1996, ApJ, 466, 561
circumnuclear disks. However, these result¥lihos, J. C., Hernquist, L. 1996, ApJ, 464, 641
leave the fueling question open. Morganti, R., et al. 2005, A&A, 444,19
Sensitive, higher resolution observationdlorganti, R., et al. 2008, A&A, 485, L5

(VLBI for Cen A and VLA A-array for Neumayer, N., et al. 2008, ApJ, 671, 1329
B2 0258+35) are now needed (and proposedjeck, A. B., Taylor, G. B. 2001, ApJ, 554, 147
to detect and locate the absorption in ordeésarma, A. P., et al. 2002, ApJ, 564, 696

to further explore the characteristics of thdingay, S. J., Murphy, D. M., 2001, ApJ, 549,
nuclear H and to test the hypotheses of L55

circumnuclear disks. van Gorkom, J., et al. 1989, AJ, 97, 708

Both sources are unique objects. Cen A igander Hulst, J. M., et al. 1983, ApJ, 264, L37
the closest AGN and therefore the lineavermeulen, R., et al. 2003, A&A, 404, 861
scale is much better than for any other radio-

loud source. Hence, the inner structure and

fueling mechanism can be studied in great

detail. Because the background structure of

B2 0258+35 is extended around all directions

of the black hole, higher spatial resolution

data will allow to investigate the complete 2-D

4. Conclusions and Outlook



	Introduction
	Centaurus A
	B2 0258+35
	Conclusions and Outlook

