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Abstract. Thephysicalandkinematicalconditionsof thegassurroundinganactivegalacticnucleus(AGN) o� erkey diagnostics
for understandingtheprocessesoccurringin theinnerfew kpcaroundthenucleus.Neutralhydrogencangive importantinsights
ontheseregions.Apart from probingthepresenceof gasin relatively settledconditions(i.e.circumnucleardisks/tori) it canalso
tracethepresenceof extremeout�ows. Someexamplesof thesephenomenaarebrie�y presented.For thestudyof theneutral
hydrogenaroundAGN the high resolutiono� eredby the VLBI is crucial in orderto locatethe regionswherethe absorption
occursandto studyin detailthekinematicsof thegas.RecentVLBI resultsarediscussedhere.

1. Intr oduction

Thepresenceof neutralhydrogenin theregionsurroundingthe
active galacticnuclei (AGN) is known sincemany years.This
gascanbe studiedvia absorptiondetectedagainstthe strong
continuumsource(seee.g.Heckmanet al. 1983;vanGorkom
et al. 1989;Morgantiet al. 2001,2002;Vermeulenet al. 2003)
andit is now known to beassociatedwith di� erentstructures.

Neutral hydrogencan be found in tori very close to the
AGN. Althoughit hasbeengenerallyassumedthatthetori are
composedof dustymolecularclouds,it is now clearthat,under
certainconditions,they canbepartly formedby atomichydro-
gen(Maloney, Hollenbach& Tielens1996).The H I canalso
be associatedwith largerscalecircumnucleardisks(with size
rangingfrom 0.1and1 kpc).Thesestructuresaresimilar to the
nuclearoptical disksdetectedin a large numberof early-type
galaxies(bothradio-loudandradio-quiet).Thesedisks(mainly
detectedby HST) canbeseeneitherin ionizedgasor through
their strongdustabsorption(vanderMarel2001,Capettiet al.
2000andref. therein).

However, theneutralhydrogencanalsobeassociatedwith
moredisturbedstructures,like bridgesor tails left over from
recentmergers.The origin of activity in galaxiesis often ex-
plainedas triggeredby merger and/or interactionprocesses.
H I is often seenassociatedto all thesephenomena.The idea
of merger is supportedby morphologicalandkinematicalev-
idence(e.g. Smith & Heckman1989,Tadhunteret al. 1989,
Baum et al. 1992). Torquesand shocksduring the merger
can remove angularmomentumfrom the gasin the merging
galaxiesandthis providesinjection of substantialamountsof
gas/dust into the central nuclearregions (seee.g. Mihos &
Hernquist1996).It is, therefore,likely that in theinitial phase
of anAGN, thisgas,includingatomichydrogen,still surrounds
– andpossiblyobscurs– thecentralregions.AGN-drivenout-
�o ws have powerful e� ectson this denseISM. Surprisingly,
the neutralhydrogenhasbeenrecentlyfound associatedalso
with suchfastout�ows(upto 2000 kms� 1). This �nding gives
furtherinformationon thephysicalconditionsof thegasin the
environmentof AGN. Gasout�ows generatedby the nuclear
activity areparticularly importantbecauseof the e� ectsthey

Fig.1. Histogramsof the distribution of opticaldepth(� ) for Seyfert
galaxies(Gallimoreet al. 1999),radiogalaxies(Morgantiet al. 2001,
Morgantietal, in prep)andCSS/GPSradiosources(Vermeulenet al.
2003,Morgantiet al. 2001).Filled regionsindicateupperlimits.

canhave on the interstellarmedium(ISM). This feedbackcan
be extremely importantfor the evolution of the galaxy, up to
thepoint thatit couldlimit thegrowthof thenuclearblack-hole
(e.g.Silk & Rees1998,Wyithe& Loeb2003).

All the above illustrateshow important is the gas in the
studyof AGN. The studyof the neutralhydrogenis comple-
mentaryto thestudiesof theotherphasesof thegas- molecu-
lar andionized- in theseregions.Here,I brie�y discusssome
of the most recentresultsin this area.While the detectionof
theH I is usuallydonewith arcsecresolutionobservations,the
VLBI follow up is crucial in orderto beableto understandin
wich of theabovementionedstructurethegasis locatedandto
derive its physicalparameters.
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2. Detection of H I in absorption in AGN

RadiogalaxiesandradioloudSeyfertshavebeenthesubjectof
many H I studies.As result,we know now thatabout10-20%
of radiogalaxiesshow H I absorptionagainsttheirnucleiwhile
this fraction goesup to more than 60% for Seyfert galaxies
(Gallimoreet al. 1999).A groupof objectswherethefraction
of detectedabsorptionis particularlyhigh areCompactSteep
Spectrum(CSS)andGigahertzPeaked-Spectrum(GPS,O'Dea
1997)sources.Vermeulenetal. (2003)foundabout50%of de-
tectionsin theseobjects.Thedepthof anabsorptionline (� S)
dependson the optical depth(� ), the continuum�ux density
(S) andthecoveringfactorcf as� S = cf S(1 � e� ). Usually, a
covering factorcf = 1 is assumed.The distribution of optical
depth(� ) for thesethreegroupsof AGN is shown in Fig. 1.

Thesensitivity of presentdaysradiotelescopesis themain
limitation for thestudyof theH I absorption.Thetypical opti-
caldepthobservedin thedetectedobjectsis � � 0:01� 0:05(i.e.
the �ux absorbedby the H I is few % of the radio continuum
of thesourceat thefrequency of theredshiftedH I). Thus,for a
typicalobservationwith anoiselevel in everychannelof about
0.5 mJybeam� 1 (1-� ), thesevaluesof opticaldepth(detected
at 3-� level) canbe obtainedif the continuumis of the order
of � 50 � 100mJy. It is clearthatthis is a majorlimitation for
thestudyof theH I (e.g.in weakradiosourcesor sourceswith
weakradiocores).Objectswith opticaldepth� � 0:10 � 0:20
or largerdoexist but they arerare.

The histogramsof Fig. 1 show that the detectedSeyfert
galaxieshave, on average,higher optical depth than radio
galaxies.CSS/GPSappearmoreoften detected:the high �ux
typical of theseobjectsallow to reachvery low opticaldepth.
Ontheotherhand,thetypicalcore�ux of aradiogalaxyis sel-
domstrongenoughto reachtheselimits. Therefore,thehigher
detectionrateof CSS/GPSis a� ectedby this bias.However, it
is alsothecasethatobjectswith highopticaldeptharemissing
from theradiogalaxieswhile areobservedamongCSS/GPS.

In particularlybright radiosources,weare,however, in the
positionto look for H I with verylow opticaldepth(� � 0:001).
Recentobservationsmakinguseof the broadband(20 MHz)
now available, e.g. at the upgradedWSRT, have shown that
thekinematicsof this gascanbevery extreme.Very broadH I
absorptionfeatureshavebeendiscoveredin thisway. Thiswill
bediscussedin Sec.5.3.

Thecolumndensitiesof theneutralhydrogenfollow from
NH I = 1:83 � 1018Tspin

R
� dv whereTspin is the spin tempera-

ture in Kelvin andv is the velocity in kms� 1. Assumingthe
canonicalTspin = 100K, thecolumndensitiestypically found
arein therangefrom few times1019 atomscm� 2 to few times
1021 atomscm� 2. It shouldbenoted,however, thatthesevalues
of NH I arelikely to be lower limits. In fact, in somephysical
situations,suchascloseto the nuclei of active galaxiesor in
out�ows, thespin temperatureis likely to beaslargeasa few
1000K (Maloney etal.1996).

3. Accurate systemic velocities

For a properinterpretationof thekinematicsof theH I absorp-
tion, it is importantto have thesystemicvelocityof thegalaxy
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Fig.2. LBA observationsof the southernradio galaxyPKS 1814-63
(Tzioumisetal. in prep.).Thenucleusis tentatively identi�ed with the
northerncomponent.A blueshiftedshallow componentof theabsorp-
tion is detected.Themostblueshiftedcomponentappearto belocated
againstthe southerncomponent.In order to identify this asan out-
�o w, new accuratemeasurmentsof thesystemicvelocity wasneeded
(from optical data,Holt et al. in prep).The new value,derived from
thenarrow componentin theopticalemissionlines,is indicatedwith
thedashedline.Thedottedline indicatethevelocityof thebroadcom-
ponentdetectedin theopticalemissionlines.

asaccurateaspossible.Although this soundstrivial, it is not
always an easyinformation to have available (at leastat the
level of accuracy requiredfor the comparisonwith H I data).
It hasbeenoften pointedout (Mirabel 1989,Morganti et al.
2001) that the systemicvelocity derived from emissionlines
canbe both uncertainandbiasedby motionsof the emitting
gas.This is indicated,in the most extremesituation,by the
detectionin few objectsof two di� erentredshiftsystems,one
derived from the low and the other from the high ionization
lines.Probablythe bestexampleof this hasbeenobserved in
the radiogalaxyPKS 1549-79(Tadhunteret al. 2001).In this
object,the[OIII]5007Å linesappearedto beassociatedto gas
kinematicallydisturbed,likely anout�ow dueto theinteraction
with theradioplasma.

In thesouthernradiogalaxyPKS1814-63(seeFig.2),only
thedetailedanalysisof theopticalspectrumhasshown thatthe
emissionlines are actually madeof two components:a nar-
row onethatappearsto tracethemoreextendedandquiescent
and,therefore,morelikely to de�ne thesystemicvelocity and
a broadercomponent,likely originating from gasinteracting
with theradioplasma.

Similar situationshave beenfound in other radio galax-
ies (e.g.4C12.50,Holt et al. 2003;3C 293, Emontset al. in
prep.).Interestingly, theseareoften radio sourceswhereout-
�o ws also associatedwith the neutralhydrogenare detected
(seeSec.5.3).This furtheremphasizetheimportanceof study
both the ionizedandthe neutralcomponentof the gasin or-
derbuild a morecomplete(andcorrect)pictureof thephysical
conditionsaroundAGN.
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Fig.3. Montageof theinner250pcof NGC 4151from Mundell etal.
(2003),showing torusof H2 emissionin green(from Fernandezet al.
1999),ring of H I inferredfrom absorptionmeasurementsin blueand
1.4 GHz radiocontinuumemissionfrom radio jet in red.Ionizedgas
(black) is assumedto �ll the torusinsidethe H I ring. The segments
missingto thenorth andsouthof the H2 torusaredueto the limited
�lter width thatexcludedthehigh-velocity wingsof theH2 line; this
providesevidencefor rotationof thetorusasthenorthernandsouthern
segmentscontainthe gaswith the highestradial velocities(i.e., line
wings)if thetorusis rotating.

4. Circumn uclear tori and disks

As describedabove,H I gascanbeassociatedwith circumnu-
cleardisksandtori. To establishwhethertheH I absorptionis
comingfrom thesestructuresis not alwayseasy. Often,given
the limited sizeof the underlyingcontinuum,clearkinemati-
cal signaturesof a rotation cannotbe seen.Thus,one of the
criteria to distinguishbetweenthesestructuresis thewidth of
the absorptionline. While the H I associatedwith circumnu-
cleardisksshow relatively broadabsorption(typically > 150
kms� 1), H I associatedwith larger scalestructuresis usually
observed as narrow absorptionfeatures(seee.g. the caseof
CentaurusA, vanGorkomet al. 1986).

In Seyfert galaxies,Gallimore et al. (1999) found that,
with theexceptionof NGC 4151,theabsorbinggastraces100
pc-scalerotatingdisksalignedwith the outergalaxydisk. In
NGC 4151,H I absorptionmeasurementsusingMERLIN and
VLBA indicatea torus� 70 pc in radiusand� 50 pc in height
(Mundell et al. 1999,2003).A cartoonillustratingthegeome-
try of thesystemis shown in Fig. 3.

Due to the weaknessof the radio core in powerful radio
galaxies(i.e. Fanaro� -Riley II), evidencefor H I associated
with tori hasbeenfoundonly in few cases.A possiblecandidate
is CygnusA. In this object,a 50 pc-scale,rotating, �attened
structurehasbeenfoundfrom theVLBI observations(Conway
1999).However, recentoptical observationshave shown that
the situationmay be morecomplicatedthanthis andthat the
H I absorptionincludesalsothesignatureof anin�o wing cloud
(seeSec.5.1).

A more clearcasecomesfrom the studyof the kinemat-
ics anddistribution within the centralkiloparsecof the H I in
the radiogalaxy3C 293 (Beswicket al. 2003).StrongHi ab-

sorptionis detectedagainstthe majority of the inner kilopar-
secof 3C293. This absorptionis separatedinto two dynam-
ically di� erentand spatially resolved systems.This result is
illustratedin Fig. 4. Against the easternpart of the inner ra-
dio jet narrow Hi absorptionis detectedand shown to have
higheropticaldepthsin areasco-spatialwith acentraldustlane.
Additionally, thisnarrow line is shown to follow avelocitygra-
dientof � 50kms� 1 arcsec� 1, consistentwith thevelocitygradi-
entobservedin opticalspectroscopy of ionisedgas.Thenarrow
Hi absorption,dustandionisedgasappearto bephysicallyas-
sociatedandsituatedseveralkiloparsecsfrom thecentreof the
hostgalaxy. Againstthewesternjet emissionandcorecompo-
nent,broadandcomplex Hi absorptionis detected.A possible
explanatinfor this is thattheHi is situatedin rotationaboutthe
coreof this radiogalaxywith somevelocity dispersionresult-
ing from in-fall andout�ow of gasfrom thecoreregion.If this
explanationis correct,thenthe massenclosedby the rotating
disk would beat least1.7� 109 solarmasseswithin a radiusof
400pc.

Powerful compact (steep spectrum) radio sources are
uniquelysuitedfor investigationsinto thephysicsof thecentral
engines,in particularto studythekinematicsof thegaswithin
100pc of thecore(seee.g.Vermeulenet al. 2003).Pihlstr̈om
et al. (2003) have studiedthe distribution of the H I absorb-
ing gasin a sampleof thesesources.They �nd that smaller
sources(< 0:5 kpc) have larger H I column densitythan the
larger sources> 0:5 kpc) (seeFig.5). This result can be ex-
plainedbothasa sphericalandanaxi-symmetricgasdistribu-
tion, with a radial power law densitypro�le, althoughthese
authorsarguethatthedisk distribution is themostlikely.

Evidenceof H I associatedwith cicumnucleartori hasbeen
reportedfor someof thesecompactsources(seee.g.Conway
1997,Peck& Taylor 2001).Oneof the bestexamplesof this
typeis theCompactSymmetricObject(CSO)1946+708.The
H I absorptionin 1946+708consistsof a very broadline and
a lower velocity narrow line which arevisible toward the en-
tire � 100pc of the continuumsource,Pecket al. 1999).with
thicknessof about100 pc andcolumndensityof the orderof
1023 cm� 2 (with Tspin of several thousandK). The broadline
has low optical depthand peaksin column densitynearthe
core of the source.This is consistentwith a thick torus sce-
nario in which gascloserto thecentralengineis muchhotter,
both in termsof kinetic temperatureandspin temperature,so
a longerpath-lengththroughthe torustoward the corewould
not necessarilyresult in a higheroptical depth.The high ve-
locity dispersiontoward thecoreof 1946+708is indicative of
fastmoving circumnucleargas,perhapsin a rotating toroidal
structure.Furtherevidencefor this region of high kinetic en-
ergy andcolumndensityis found in the spectralindex distri-
bution which indicatesa region of free-freeabsorptionalong
theline of sighttowardthecoreandinnerrecedingjet. TheH I
opticaldepthincreasesgraduallytoward the recedingjet. The
informationderived from theH I canbe particularlyusefulto
constraincharacteristicsthecentraltoruswhencombinedwith
hardX-ray data.Thishasbeendonein thecaseof two possible
Compton-thickgalaxiesstudiedby Risaliti et al. (2003).

In low luminosityradiogalaxiesthesituationcouldbedif-
ferent.Thehighdetectionrateof opticalcores,thelackof large
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Fig.4. (Left) Sub-arcsecondcontinuumstructureof theinnerfew kiloparsecsof 3C293(from Beswicketal. 2003).Thetopcontourmapshows
the 1.359GHz radio continuumstructureobserved with MERLIN at a resolutionof 0:0023� 0:0020. The lower panelshows the global VLBI,
MERLIN andVLA +PT contouredimageof the inner jet of 3C293 with angularresolutionof 30mas.This mapis contouredat multiples
of

p
2 times1.3mJybeam� 1. (Right) Multi-resolutionposition-velocity plotsof Hi absorptionagainstthewesternjet componentat thecentre

of 3C293 (from Beswicket al. 2003).In eachof thesediagramsthe absorptionsignalhasbeenaveragedover the declinationrangeof the
continuumsource.Thedashedline shown on all threeplotsrepresentsa velocity gradientof 410kms� 1 arcsec� 1. Thespatialpositionof radio
continuumcomponentslabelledin the�gure on theleft arealsoshown by arrows positionedalongthebottomplot. Imagesandplotsaretaken
from Beswicket al. (2003).

Fig.5. AbsorbedH I columndensityversusprojectedlinear size for
CSSandGPSsources.Thereis ananti-correlationbetweenthesource
sizeandtheamountof absorbinggas(from Pihlstr̈ometal. 2003).

absorptionin X-ray (Chiabergeet al. 1999)andpossiblyalso
the relatively low detectionrate of H I absorption(Morganti
et al. 2001) suggestthat the standardpc-scalegeometrically
thick torus is not presentin theseradio galaxies.The pres-
enceof thin diskshasbeenclaimedfrom H I observationsin
thecasee.g.NGC 4261(vanLangeveldeet al. 2000).For this
object,theVLBI datasuggestthattheH I absorptionis dueto a
disk of only � 1.3pc thick projectedagainstthecounter-jet. In

Fig.6. H I line velocitiescomparedto the optical velocitiesfor CSS
andGPSsourcesfrom Vermeulenetal. (2003).

NGC 4261,evidencefor thepresenceof suchnucleardisk are
alsofoundin HST images.Theideaof thin diskscanbeinves-
tigatedin moredetailby correlatingthepresence(or absence)
of H I absorptionwith theopticalcharacteristics.Thishasbeen
donefor asampleof radiogalaxies(selectedfrom Capettietal.
2000)for whichinformationaboutthepresenceof opticalcores
andnucleardustydisks/lanes(from HST images)is available.
Interestingly, H I absorptionwasdetectedin the two galaxies
thathave dustdisks/lanesandno opticalcores.In thesecases,
thecolumndensityof theabsorptionis quitehigh(> 1021 cm� 2

for Tspin = 100 K) andthe derived optical extinction AB (be-
tween1 and2 magnitudes)is suchthat it can,indeed,produce
theobscurationof theopticalcores.In theothertwo cases,H I
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absorptionhasbeendetecteddespitethe presenceof optical
cores.However, thecolumndensityderivedfrom thedetected
absorptionis muchlower (� 1020 cm� 2 for Tspin = 100K) and
the derived extinction is of the order of only a fraction of a
magnitude.This is, therefore,consistentwith whatexpectedif
thecircumnucleardiskarethin in theseradiogalaxies.

5. Unsettled gas

5.1. Any evidence for infall?

Evidencefor infalling gaswasreportedby van Gorkom et al.
(1989).In a sampleof radio galaxies,H I absorptionwasde-
tectedeither closeto the systemicvelocity or systematically
redshifted,indicatingthereforea prevalenceof gasfalling into
the nucleus.This result doesnot appearto be con�rmed by
more recentobservations.For example,the study of H I ab-
sorptionin compactradio sourcesby Vermeulenet al. (2003)
showsthatthereis evidencefor signi�cant gasmotionsandnot
only positivebut evenmorenegativeH I velocities(up to more
thanv = � 1000 kms� 1 comparedto thesystemicvelocity)are
found(seeFig. 6). This is indicatingthatgas�o wing outof the
galaxyis alsopresent.Indeed,clearcasesof fastgasout�ows
havenow beendetectedasdescribedbelow (seeSec.5.3).

Oneof themostpromisingcaseof infalling gaswasfound
in the radio galaxy NGC 315. A very narrow and highly
redshifted(� 500 kms� 1) H I absorptionwas reportedby
Heckmanet al. (1983)andDresselet al. (1983).VLBI obser-
vations(Peck1999,Morgantiet al. in prep.)arenow showing
that this absorptionappearsto cover a region of about9 pc of
the source,from the core to the �rst part of the jet. A likely
explanationfor this absorptionis that of a cloud at large dis-
tancefrom the nucleus(like tidal debris,Wakker et al. 2002)
detected,in projection,againstthe nucleus.This seemsto be
morefavorableoverthepossibilityof asmallcloudfalling into
thenucleusandfeedingtheAGN.

An interestingcaseof cloud falling into the nucleushas
beenrecentlysuggestedfor CygnusA (Bellamy et al. 2004).
Near-IR datashow the existenceof an o� -nucleusmolecular
cloud,that is redshiftedrespectto thesystemicvelocity (mea-
suredaccuratelyfrom stellarfeatures).This suggeststhepres-
enceof a giant molecularcloud falling thoughthe “heart” of
CygnusA. Interesting,the redshift of this cloud is in agree-
mentwith that of the H I absorption(or part of it) indicating,
therefore,thatthetwo phenomenamaybelinked.

5.2. Gas cocoon around AGN

As mentionin the introduction,H I absorptioncanalso trace
gasdistributedin amorecomplex wayaroundtheAGN. In the
low luminosity active galacticnucleus,NGC 1052,the VLBI
studyof theH I hasrevealedatomicgasin front of theapproac-
ing jet aswell astherecedingjet (Vermeulenetal. 2003b).The
gasappearedto beassociatedwith threevelocitysystems.One
systemcanbeascloseas1-2 pc from thecore.Theothersys-
temscouldbe local to theAGN environmentor distributedon
galacticscales.

H I absorptioncan be used to trace a particularly rich
mediumthat is characteristicsof someradio galaxies– per-
hapsthoseresultingfrom majormergersor in which a merger
happenednot so long ago.One example is the radio galaxy
4C 12.50(seeFig. 7, Morgantiet al. 2004a),a galaxythathas
often beensuggestedto be a prime candidatefor the link be-
tweenultraluminousinfraredgalaxiesandyoungradiogalax-
ies. In this object,deepand relatively narrow H I absorption
(observed at the systemicvelocity) is associatedwith an o� -
nuclearcloud(� 50 to 100pc from theradiocore)with a col-
umndensityof � 1022 Tspin=(100K) cm� 2 andanH I massof
a few times105 to 106 M� . Therearemoreexamplesof ob-
jectswheretheH I tracestherich mediumsurroundingtheac-
tive nucleus.Examplesof o� -nuclearH I absorptionarefound
in 3C 236 (Conway & Schilizzi 2000)and,morerecently, in
theCSO4C 37.11(Manesset al. 2004)wherea broad(� 500
kms� 1) absorptionline wasfoundin theregionof thesouthern
hot-spot.

This mayhave importantimplicationsfor theevolution of
theradiojets.Althoughthis gaswill not beableto con�ne the
radio source,it may be able to momentarilydestroy the path
of the jet asshown alsoby numericalsimulations(Bicknell et
al. 2003).Thus,this interactioncanin�uence thegrowth of the
radiosourceuntil theradioplasmaclearsits wayout.

5.3. Fast Out�o ws

Gasout�owsassociatedwith activegalacticnuclei(AGN) pro-
vide energy feedbackinto the ISM that canprofoundlya� ect
the evolution of the centralengineaswell asthat of the host
galaxy. The mass-lossrate from theseout�ows canbe a sub-
stantialfractionof theaccretionrateneededto powertheAGN.

Fastout�owshavenow beendetectedin a largefractionof
nearbyAGN via observationsat visible, X-ray andUV wave-
lengthsassociatedto ionizedgas(seee.g.Veilleuxet al. 2000,
Kriss 2004,Elvis, Marengo& Karovska2002andref. therein
for anoverview). It is, therefore,not toosurprisingto �nd such
out�ows alsoin radio galaxies(seeMorganti et al. 2003afor
a summaryof recentresults).However, it is extremelyintrigu-
ing thediscoveryof a numberof radiosourceswherethepres-
enceof fast out�ows (up to 2000 kms� 1) is associatednot
only with ionizedbut alsowith neutralgas.This �nding gives
new and importantinsightson the physicalconditionsof the
gaseousmediumaroundanAGN. Thebestexamplessofarare
the radio galaxies3C 293 (Morgantiet al. 2003b,seeFig.8a)
and4C 12.50andtheSeyfert galaxyIC 5063(Oosterlooet al.
2000).It is alsoworthnoticingthatout�owsof ionizedgasare
alsoassociatedwith theseneutralout�ows(seeMorgantiet al.
2003a).

An otherinterestingobjectwherean H I out�ow hasbeen
detectedis the Compton-thick, broad-line and GPS radio
galaxyOQ208.TheH I spectrumof thissource(thatis only 10
pc in size)is shown in Fig. 8b. Guainazziet al. (2004)suggest
that in this sourcewe coulld be seeingthe jets piercing their
way througha Compton-thickmediumpervadingthe nuclear
environment.The out�ow detectedin H I (seeFig.8b) would
be an otherindicationof this process.Guainazziet al. (2004)
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Fig.7. (Left) VLBI continuumimage(grey scaleandthin contours)of 4C 12.50(from Morganti et al. 2004a)superimposedonto the total
intensityof the(narrow) H I absorptionobservedat thesystemicvelocity (thick contours).Thepositionof theradiocoreis alsoindicated.The
contourlevels for thecontinuumimageare:5 mJybeam� 1 to 800mJybeam� 1 in stepsof factor1.5. (Right) H I absorptionpro�le observed
with theWSRT (black)andVLBI (red).A broad,shallow H I absorptionis detectedin theWSRTobservations.Dueto thenarrower band,this
broadabsorptionis not detectedin theVLBI observations.

alsosuggestthat if the jets have to interactwith sucha dense
medium,onecould largely underestimatingthe radio activity
dynamicalagedeterminatedfor this kind of sourcesfrom the
observedhot-spotrecessionvelocity. A similar situationcould
beoccuringthetheGPS4C12.50describedabove.

A numberof possiblehypothesescanbe madeaboutthe
origin of thegasout�ow (e.g.,starburstwinds,radiationpres-
sure from the AGN, adiabaticallyexpandedbroad emission
line clouds).In somecases,thepossibility that they aredriven
by the interactionof the radio jet with the ISM seemsto be
favored. To investigatewhetherthis is indeedcorrect,high-
resolution(VLBI) studiesarein progressto �nd the exact lo-
cationof the ou�owing gas.So far theseout�ows have been
found in objectsthatareeitherin theearly-stageof their evo-
lution (like 4C 12.50)or, perhaps,in a phaseof re-startedac-
tivity (asmight bethecasefor 3C 293).Anothercharacteristic
of thesegalaxiesis the presenceof a “young” stellarpopula-
tion (from their opticalspectra,seee.g.Tadhunteret al. 2002).
Sucha component(with agesbetween0.5 and2 Gyr) canbe
consideredan indication that the galaxy is indeedin a stage
of its evolution, whenlargeamountsof gas/dust- likely from
the merger that triggeredthe activity - arestill presentin the
inner region andtheradio jet is stronglyinteractingwith it. A
moresystematicsearchfor fastgasout�owsin radiogalaxiesis
now in progressandhasalreadyrevealedmorecasesof broad,
blueshiftedH I absorptions.

6. Conc lusions

The H I is an importanttool to study the physicalconditions
of thegasaroundAGN. Althoughthemain limitation of these
studiesis the sensitivity of presentday radio telescopes,the
possibility now becomingmore and more available of broad

bandobservationsallows to explore the presenceof kinemat-
ically disturbedH I. This may representa relatively common
phenomena,perhapsrelatedwith theevolutionarystageof the
radio sources.The importanceof understandingthe physical
conditionsof thegasin theenvironmentof theAGN (both in
the circumnucleartori aswell as in the AGN-driven out�ow)
is illustratedby theinterestandthewealthof observationsper-
formed,e.g.,in theopticalandX-ray bands.However, thepos-
sibility of imagingthis gasat veryhigh resolution– by obtain-
ing H I absorptionwith milli-arcsecresolution– isuniqueto the
radio bandandthe VLBI technique.This combinedwith the
broadband(i.e. to instanteneouslycoverup to � 4000 kms� 1)
is providing anextremelypowerful tool to investigatethecon-
ditions(includingtheextremeonethatnow weknow canexist)
of theatomicgasaroundAGN.

The next stepis, however, the dramaticimprovementand
possibilitiesthatthenew generationof radiotelescopewill of-
fer. A summaryof the possibilitiesthat the SquareKilometer
Array will openfor thestudyof theenvironmentof theAGN
are summarizedin Morganti et al. (2004b).Apart from the
moredetailedstudyof theH I in singleobjects,theSKA will
provide thepossibilityof performinglargesurveys andunder-
standthe occurenceof the phenomenadescribedabove and
their relationwith thepropertiesof thehostgalaxy. TheSKA
will allow to investigatean unexplored region of parameter
space.At present,serendipitousH I surveyscanalreadybecar-
ried out in everydeep�eld, for exampleby usingspectral-line
mode,in which continuumobservations(seee.g.Morgantiet
al.2004cfor thecaseof theSpitzerSpaceTelescopeFirst-Look
Deepsurvey donewith theWSRT).

With the high sensitivity expectedfrom theSKA, we will
beableto searchfor H I absorptionat � � 0:01 level (the typ-
ical absorptionfound in casesof circumnucleartori) on every
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Fig.8. (Left) TheH I absorptionpro�le detectedin 3C 293from theWSRT observations.Thespectrumis plottedin �ux (mJy)againstoptical
heliocentricvelocity in kms� 1 (from Morgantietal.2003).(Right)BroadH I absorptiondetected(usingtheWSRT) againstthecompactsource
OQ 208.Thesystemicvelocity derivedby Marzianiet al. (1997)is alsoindicated.TheVLBI radiocontinuum(that is only � 10 pc in size)is
takenfrom Stanghellinietal. (1997).

sourcestrongerthanonly a few mJy of any observed �eld. It
will be like searchingevery sourceof theNVSScataloguefor
H I absorption.Thelarge instantaneousbandwidthwill ensure
thatalargerangein redshiftis coveredto detectthisabsorption.
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