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Abstract. Thephysicalandkinematicalconditionsof thegassurroundinganactive galacticnucleugAGN) o erkey diagnostics
for understandinghe processesccurringin theinnerfew kpc aroundthe nucleusNeutralhydrogencangive importantinsights
ontheseregions.Apartfrom probingthe presencef gasin relatively settledconditions(i.e. circumnucleadiskgtori) it canalso
tracethe presencef extremeout ows. Someexamplesof thesephenomenarebrie y presentedror the study of the neutral
hydrogenaroundAGN the high resolutiono eredby the VLBI is crucialin orderto locatethe regionswherethe absorption

occursandto studyin detailthe kinematicsof the gas.RecentVLBI resultsarediscussedhere.

1. Intr oduction

Thepresencef neutralhydrogerin theregionsurroundinghe
active galacticnuclei (AGN) is known sincemary years.This
gascan be studiedvia absorptiondetectedagainstthe strong
continuumsource(seee.g.Heckmanet al. 1983;van Gorkom
etal. 1989;Morgantietal. 2001,2002;Vermeuleretal. 2003)
andit is now known to beassociatedavith di erentstructures.

Neutral hydrogencan be found in tori very closeto the
AGN. Althoughit hasbeengenerallyassumedhatthetori are
composeaf dustymolecularclouds,it is now clearthat,under
certainconditions they canbe partly formedby atomichydro-
gen(Malonegy, Hollenbach& Tielens1996). TheH | canalso
be associateavith larger scalecircumnucleadisks (with size
rangingfrom 0.1and1 kpc). Thesestructuresaresimilarto the
nuclearoptical disksdetectedn a large numberof early-type
galaxiegbothradio-loudandradio-quiet).Thesedisks(mainly
detectedoy HST) canbe seeneitherin ionizedgasor through
their strongdustabsorptionvanderMarel 2001,Capettiet al.
2000andref. therein).

However, the neutralhydrogencanalsobe associatedvith
more disturbedstructureslike bridgesor tails left over from
recentmemers.The origin of actiity in galaxiesis often ex-
plained as triggeredby merger andor interactionprocesses.
H1 is often seenassociatedo all thesephenomenaThe idea
of memeris supportecby morphologicaland kinematicalev-
idence(e.g. Smith & Heckman1989, Tadhunteret al. 1989,
Baum et al. 1992). Torquesand shocksduring the merger
canremove angularmomentumfrom the gasin the memging
galaxiesandthis providesinjection of substantiabmountsof
gaddustinto the central nuclearregions (seee.g. Mihos &
Hernquist1996).1t is, thereforelik ely thatin theinitial phase
of anAGN, thisgas,includingatomichydrogenstill surrounds
—andpossiblyobscurs- the centralregions.AGN-drivenout-
o ws have powerful e ectson this denselSM. Surprisingly
the neutralhydrogenhasbeenrecentlyfound associate@lso
with suchfastout ows (upto 2000 kms 1). This nding gives
furtherinformationon the physicalconditionsof the gasin the
ervironmentof AGN. Gasout ows generatedy the nuclear
activity are particularlyimportantbecauseof the e ectsthey
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Fig. 1. Histogramsof the distribution of opticaldepth( ) for Seyfert
galaxieg(Gallimoreetal. 1999),radiogalaxies(Morgantietal. 2001,
Morgantietal, in prep)andCSSGPSradio sourcegVermeuleretal.
2003,Morgantietal. 2001).Filled regionsindicateupperlimits.

canhave on theinterstellarmedium(ISM). This feedbackcan
be extremelyimportantfor the evolution of the galaxy up to
thepointthatit couldlimit thegrowth of thenucleatblack-hole
(e.q.Silk & Rees1998,Wyithe & Loeb2003).

All the above illustrateshow importantis the gasin the
study of AGN. The study of the neutralhydrogenis comple-
mentaryto the studiesof the otherphase®f the gas- molecu-
lar andionized- in theseregions.Here,| brie y discusssome
of the mostrecentresultsin this area.While the detectionof
theH | is usuallydonewith arcseaesolutionobsenations,the
VLBI follow upis crucialin orderto be ableto understandn
wich of the abore mentionedstructurethe gasis locatedandto
deriveits physicalparameters.



134

2. Detection of H1in absorption in AGN

Radiogalaxiesandradioloud Se/fertshave beenthe subjectof
mary H1 studies.As result,we know now thatabout10-20%
of radiogalaxiesshow H | absorptioragainstheir nucleiwhile
this fraction goesup to more than 60% for Seyfert galaxies
(Gallimoreetal. 1999).A groupof objectswherethefraction
of detectedabsorptionis particularly high are CompactSteep
Spectrun{CSS)andGigahertPealed-SpectruniGPS,0'Dea
1997)sourcesVermeuleretal. (2003)foundabout50%of de-
tectionsin theseobjects.The depthof anabsorptiorline ( S)
dependson the optical depth( ), the continuum ux density
(S) andthe coveringfactorci as S = ¢:S(1  e). Usually, a
coveringfactorc; = 1 is assumedThe distribution of optical
depth( ) for thesethreegroupsof AGN is shavn in Fig. 1.

Thesensitvity of presentlaysradiotelescopess the main
limitation for the studyof theH | absorptionThetypical opti-
caldepthobsenedin thedetecteabjectdss  0:01 0:05(i.e.
the ux absorbedyy theH1 is few % of the radio continuum
of thesourceatthefrequeng of theredshiftedH I). Thus,for a
typical obsenationwith anoiselevel in every channebf about
0.5mJybeam? (1- ), thesevaluesof optical depth(detected
at 3- level) canbe obtainedif the continuumis of the order
of 50 100mJy It is clearthatthis is a majorlimitation for
thestudyof theH 1 (e.g.in weakradio sourcesr sourceswith
weakradio cores).Objectswith opticaldepth  0:10 0:20
or largerdo exist but they arerare.

The histogramsof Fig. 1 showv that the detectedSe/fert
galaxieshave, on average, higher optical depth than radio
galaxies.CSSGPSappeamore often detectedthe high ux
typical of theseobjectsallow to reachvery low optical depth.
Ontheotherhand thetypical core ux of aradiogalaxyis sel-
domstrongenoughto reachthesdimits. Thereforethehigher
detectionrateof CS3GPSis a ectedby this bias.However, it
is alsothe casethatobjectswith high opticaldeptharemissing
from theradio galaxieswhile areobsenedamongCSSGPS.

In particularlybrightradiosourcesye are,however, in the
positionto look for H | with verylow opticaldepth( ~ 0:001).
Recentobsenationsmakinguseof the broadband(20 MHz)
now available, e.g. at the upgradedWSRT, have shavn that
the kinematicsof this gascanbe very extreme.Very broadH |
absorptiorfeatureshave beendiscoveredin this way. Thiswill
bediscussedn Sec.5.3.

The columndensitigsof the neutralhydrogenfollow from
Nu = 1:83 10%Tgn  dv whereTepin is the spin tempera-
ture in Kelvin andv is the velocity in kms . Assumingthe
canonicalTspin = 100K, the columndensitiestypically found
arein therangefrom few times10'°® atomscm 2 to few times
107t atomscm 2. It shouldbenoted however, thatthesevalues
of Ny, arelikely to be lower limits. In fact,in somephysical
situations,suchas closeto the nuclei of active galaxiesor in
out ows, the spintemperaturés likely to be aslarge asa few
1000K (Maloney etal.1996).

3. Accurate systemic velocities

For a properinterpretatiorof the kinematicsof theH | absorp-
tion, it is importantto have the systemicvelocity of the galaxy

R. Morganti: Probingthe natureof the ISM in Active GalacticNucleithroughHi absorption

ofF =
I

‘
‘

1814 637
wp  23GHz <3 E 4

F Véys road optical

| 1 I.ling, | 4
16500 19400 10300 10200 19100

| Velocity (km/s)
I

I
3 Outflow

=
L Velpcity
15400 19300 1920

Velocity (km/s)

Fig. 2. LBA obsenrationsof the southerrradio galaxy PKS 1814-63
(Tzioumisetal.in prep.).Thenucleuss tentatively identi ed with the
northerncomponentA blueshiftedshallov componenbf theabsorp-
tion is detectedThemostblueshiftedcomponentappeato belocated
againstthe southerncomponentln orderto identify this asan out-
0w, new accurateneasurmentef the systemicvelocity wasneeded
(from optical data,Holt et al. in prep). The new value,derived from
the narrav componenin the optical emissionlines, is indicatedwith
thedashedine. Thedottedline indicatethevelocity of thebroadcom-
ponentdetectedn the opticalemissionines.

asaccurateas possible Although this soundstrivial, it is not
always an easyinformationto have available (at leastat the
level of accurag requiredfor the comparisorwith H1 data).
It hasbeenoften pointedout (Mirabel 1989, Morganti et al.

2001) that the systemicvelocity derived from emissionlines
can be both uncertainand biasedby motionsof the emitting
gas.This is indicated,in the most extreme situation, by the
detectionin few objectsof two di erentredshiftsystemspne
derived from the low andthe otherfrom the high ionization
lines. Probablythe bestexampleof this hasbeenobsenedin

theradio galaxyPKS 1549-79(Tadhunteret al. 2001).1n this
object,the [O111]5007A lines appearedo be associatedo gas
kinematicallydisturbed]ikely anout ow dueto theinteraction
with theradioplasma.

In thesoutherrradiogalaxyPKS1814-63(seefFig. 2), only
thedetailedanalysisof the opticalspectrurmrhasshavn thatthe
emissionlines are actually madeof two componentsa nar
row onethatappeargo tracethe moreextendedandquiescent
and,therefore morelikely to de ne the systemicvelocity and
a broadercomponent]ikely 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 theseare often radio sourcesvhereout-
0 ws also associatedwvith the neutralhydrogenare detected
(seeSec.5.3). This furtheremphasizehe importanceof study
both the ionized and the neutralcomponenibf the gasin or-
derbuild amorecomplete(andcorrect)pictureof the physical
conditionsaroundAGN.
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Radio-Continuum Jet

HI ring inferred from absorption

Fig. 3. Montageof theinner250pc of NGC 4151from Mundell etal.
(2003),shawing torusof H, emissionin green(from Fernandeztal.
1999),ring of H | inferredfrom absorptiormeasurementis blueand
1.4 GHz radio continuumemissionfrom radiojet in red. lonizedgas
(black)is assumedo Il thetorusinsidethe HI ring. The segments
missingto the north andsouthof the H, torusaredueto the limited
Iter width thatexcludedthe high-velocity wings of the H, line; this
providesevidencefor rotationof thetorusasthenorthernandsouthern
segmentscontainthe gaswith the highestradial velocities(i.e., line

wings)if thetorusis rotating.

4. Circumn uclear tori and disks

As describedabore, H1 gascanbe associatedvith circumnu-
cleardisksandtori. To establishwhetherthe H 1 absorptionis
comingfrom thesestructureds not alwayseasy Often, given
the limited size of the underlyingcontinuum,clear kinemati-
cal signaturesof a rotation cannotbe seen.Thus, one of the
criteriato distinguishbetweenthesestructureds the width of
the absorptionline. While the H | associatedvith circumnu-
cleardisksshow relatively broadabsorption(typically > 150
kms 1), HI associatedvith larger scalestructuresis usually
obsened as narrav absorptionfeatures(seee.g. the caseof
Centauru#\, vanGorkometal. 1986).

In Se/fert galaxies,Gallimore et al. (1999) found that,
with the exceptionof NGC 4151,the absorbinggastraces100
pc-scalerotating disks alignedwith the outer galaxy disk. In
NGC 4151,H 1 absorptiormeasurementssing MERLIN and
VLBA indicateatorus 70pcinradiusand 50 pcin height
(Mundell etal. 1999,2003).A cartoonillustratingthe geome-
try of thesystemis shovnin Fig. 3.

Due to the weaknesof the radio corein powerful radio
galaxies(i.e. Fanaro -Riley II), evidencefor HI associated
with tori hasbeenfoundonly in few casesA possiblecandidate
is CygnusA. In this object,a 50 pc-scale rotating, attened
structurehasbeenfoundfrom theVLBI obsenations(Conway
1999). However, recentoptical obsenationshave shavn that
the situationmay be more complicatedthanthis andthat the
H 1 absorptiorincludesalsothesignatureof anin o wing cloud
(seeSec.5.1).

A more clear casecomesfrom the study of the kinemat-
ics anddistribution within the centralkiloparsecof the H1 in
the radio galaxy 3C 293 (Beswicket al. 2003). StrongHi ab-
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sorptionis detectedagainstthe majority of the inner kilopar-

secof 3C293. This absorptionis separatednto two dynam-
ically di erentand spatially resohed systems.This resultis

illustratedin Fig. 4. Againstthe easternpart of the inner ra-

dio jet narrov Hi absorptionis detectedand shovn to have
higheropticaldepthdn areaso-spatialvith acentraldustlane.
Additionally, thisnarrow line is showvn to follow avelocity gra-
dientof 50kms !arcsec?, consistentvith thevelocity gradi-
entobsenedin opticalspectroscopof ionisedgas.Thenarrav

Hi absorptiondustandionisedgasappeato be physicallyas-
sociatedandsituatedseveralkiloparsecgrom the centreof the
hostgalaxy Againstthewesternet emissionandcorecompo-
nent,broadandcomplex Hi absorptioris detectedA possible
explanatinfor thisis thatthe Hi is situatedn rotationaboutthe
coreof this radio galaxywith somevelocity dispersiorresult-
ing from in-fall andout ow of gasfrom the coreregion. If this

explanationis correct,thenthe massencloseddy the rotating
disk would be atleast1.7 10° solarmassesvithin a radiusof

400pc.

Pawverful compact (steep spectrum) radio sourcesare
uniquelysuitedfor investigationsnto thephysicsof thecentral
enginesjn particularto studythe kinematicsof the gaswithin
100 pc of the core(seee.g.Vermeuleret al. 2003).Pihlstiom
et al. (2003) have studiedthe distribution of the H1 absorb-
ing gasin a sampleof thesesourcesThey nd thatsmaller
sources(< 0:5 kpc) have larger H1 column densitythanthe
larger sources> 0:5 kpc) (seeFig.5). This resultcanbe ex-
plainedboth asa sphericalandan axi-symmetricgasdistribu-
tion, with a radial power law densitypro le, althoughthese
authorsarmguethatthedisk distributionis the mostlik ely.

Evidenceof H | associateavith cicumnucleatori hasbeen
reportedfor someof thesecompactsourceqseee.g. Conway
1997,Peck& Taylor 2001).0Oneof the bestexamplesof this
typeis the CompactSymmetricObject(CS0)1946+708.The
H 1 absorptionin 1946+708 consistsof a very broadline and
a lower velocity narrown line which arevisible toward the en-
tire 100 pc of the continuumsource Pecket al. 1999).with
thicknessof about100 pc and columndensityof the order of
10?% cm 2 (with Tepin Of several thousandK). The broadline
haslow optical depthand peaksin column density nearthe
core of the source.This is consistentwith a thick torus sce-
narioin which gascloserto the centralengineis muchhotter,
bothin termsof kinetic temperatureand spin temperatureso
a longerpath-lengththroughthe torustoward the core would
not necessarilyesultin a higheroptical depth.The high ve-
locity dispersiontowardthe coreof 1946+708is indicative of
fastmoving circumnucleamas,perhapsn a rotatingtoroidal
structure.Furtherevidencefor this region of high kinetic en-
ergy and columndensityis foundin the spectralindex distri-
bution which indicatesa region of free-freeabsorptionalong
theline of sighttowardthecoreandinnerrecedinget. TheH |
optical depthincreasegraduallytoward the recedingjet. The
informationderived from the H1 canbe particularlyusefulto
constraincharacteristicghe centraltoruswhencombinedwith
hardX-ray data.This hasbeendonein the caseof two possible
Compton-thickgalaxiesstudiedby Risaliti etal. (2003).

In low luminosity radio galaxiesthe situationcould be dif-
ferent.Thehighdetectiorrateof opticalcoresthelack of large
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Fig. 4. (Left) Sub-arcsecondontinuumstructureof theinnerfew kiloparsecof 3C293(from Beswicketal. 2003).Thetop contourmapshavs
the 1.359 GHz radio continuumstructureobsered with MERLIN at a resolutionof °23 (#20. The lower panelshaws the global VLBI,

MEI_J,?_LIN and VLA +PT contouredimageof the inner jet of 3C293 with angularresolutionof 30mas.This mapis contouredat multiples
of = 2times1.3mJybeam?. (Right) Multi-resolutionposition-\elocity plotsof Hi absorptioragainsthe westernjet componenat the centre
of 3C293 (from Beswicket al. 2003).In eachof thesediagramsthe absorptionsignal hasbeenaveragedover the declinationrangeof the
continuumsource The dashedine shavn on all threeplotsrepresents velocity gradientof 410kms ! arcsec!. The spatialpositionof radio
continuumcomponentsabelledin the gure ontheleft arealsoshavn by arrows positionedalongthe bottomplot. Imagesandplotsaretaken
from Beswicketal. (2003).
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absorptionin X-ray (Chiabege et al. 1999)and possiblyalso
the relatively low detectionrate of HI absorption(Morganti
et al. 2001) suggestthat the standardpc-scalegeometrically
thick torusis not presentin theseradio galaxies.The pres-
enceof thin diskshasbeenclaimedfrom H1 obsenationsin
the casee.g.NGC 4261 (vanLangeveldeet al. 2000).For this
object,theVLBI datasuggesthattheH | absorptioris dueto a
diskof only 1.3 pcthick projectedagainsthe counterjet. In

W Primary lines
Secondary lines

Number of occurences

L
1000
Velocity w.r.t. optical redshift (km/s)

Fig.6. H1 line velocitiescomparedo the optical velocitiesfor CSS
andGPSsourcedrom Vermeuleretal. (2003).

NGC 4261,evidencefor the presencef suchnucleardisk are
alsofoundin HSTimagesTheideaof thin diskscanbeinves-
tigatedin moredetail by correlatingthe presencdor absence)
of H | absorptiorwith the opticalcharacteristicsThis hasbeen
donefor asampleof radiogalaxieqselectedrom Capettietal.
2000)for whichinformationaboutthepresencef opticalcores
andnucleardustydiskdlanes(from HST images)is available.
Interestingly H I absorptionwas detectedn the two galaxies
thathave dustdiskglanesand no optical cores.In thesecases,
thecolumndensityof theabsorptioris quitehigh (> 10? cm 2
for Tspin = 100K) andthe derived optical extinction Ag (be-
tweenl and2 magnitudes)s suchthatit can,indeed produce
the obscuratiorof the optical cores.In the othertwo casesH |



R. Morganti: Probingthe natureof the ISM in Active GalacticNucleithroughHi absorption

absorptionhas beendetecteddespitethe presenceof optical
cores.However, the columndensityderived from the detected
absorptioris muchlower (- 10?° cm 2 for Tepin = 100K) and
the derived extinction is of the order of only a fraction of a
magnitudeThis is, therefore consistentvith whatexpectedf
thecircumnucleadisk arethin in theseradiogalaxies.

5. Unsettled gas
5.1. Any evidence for infall?

Evidencefor infalling gaswasreportedby van Gorkom et al.
(1989).In a sampleof radio galaxiesH | absorptionwas de-
tectedeither closeto the systemicvelocity or systematically
redshiftedjndicatingthereforea prevalenceof gasfalling into
the nucleus.This result doesnot appearto be con rmed by
more recentobsenations. For example,the study of H1 ab-
sorptionin compactradio sourcesby Vermeulenet al. (2003)
shavsthatthereis evidencefor signi cant gasmotionsandnot
only positive but evenmorenegative H | velocities(up to more
thanv= 1000 kms ! comparedo the systemicvelocity) are
found(seeFig. 6). Thisis indicatingthatgas o wing outof the
galaxyis alsopresentindeed clearcasef fastgasout ows
have now beendetectedhsdescribedelowr (seeSec.5.3).

Oneof the mostpromisingcaseof infalling gaswasfound
in the radio galaxy NGC 315. A very narrov and highly
redshifted( 500 kms ) HI absorptionwas reportedby
Heckmanet al. (1983)andDresselet al. (1983).VLBI obser
vations(Peck1999,Morgantiet al. in prep.)arenow shawving
thatthis absorptiorappeargo cover aregion of about9 pc of
the source,from the coreto the rst partof the jet. A likely
explanationfor this absorptionis that of a cloud at large dis-
tancefrom the nucleus(like tidal debris, Wakker et al. 2002)
detectedjn projection,againstthe nucleus.This seemso be
morefavorableoverthe possibilityof a smallcloudfalling into
thenucleusandfeedingthe AGN.

An interestingcaseof cloud falling into the nucleushas
beenrecentlysuggestedor CygnusA (Bellamy et al. 2004).
NearIR datashav the existenceof an o -nucleusmolecular
cloud,thatis redshiftedrespecto the systemicvelocity (mea-
suredaccuratelyfrom stellarfeatures) This suggestshe pres-
enceof a giant molecularcloud falling thoughthe “heart” of
CygnusA. Interesting,the redshiftof this cloud is in agree-
mentwith that of the H1 absorption(or partof it) indicating,
thereforethatthetwo phenomenanaybelinked.

5.2. Gas cocoon around AGN

As mentionin the introduction,H | absorptioncanalsotrace
gasdistributedin amorecomplex way aroundthe AGN. In the
low luminosity active galacticnucleus NGC 1052,the VLBI
studyof theH | hasrevealedatomicgasin front of theapproac-
ing jetaswell astherecedinget (Vermeuleretal. 2003b).The
gasappearedo beassociateavith threevelocity systemsOne
systemcanbe ascloseas1-2 pc from the core. The othersys-
temscould belocal to the AGN ervironmentor distributedon
galacticscales.
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H1 absorptioncan be usedto trace a particularly rich
mediumthat is characteristicof someradio galaxies— per
hapsthoseresultingfrom major mergersor in which amermger
happenedot so long ago. One exampleis the radio galaxy
4C 12.50(seeFig. 7, Morgantiet al. 2004a) a galaxythathas
often beensuggestedo be a prime candidatefor the link be-
tweenultraluminousinfrared galaxiesandyoungradio galax-
ies. In this object, deepand relatively narrov H1 absorption
(obsened at the systemicvelocity) is associatedvith ano -
nuclearcloud( 50to 100pc from the radiocore)with a col-
umndensityof  10? Tepin(100K) cm 2 andanH | massof
afew times10° to 10° M . Thereare more examplesof ob-
jectswheretheH | tracestherich mediumsurroundinghe ac-
tive nucleus Examplesf o -nuclearH | absorptiorarefound
in 3C 236 (Conway & Schilizzi 2000) and, morerecently in
the CSO4C 37.11(Manesset al. 2004)wherea broad( 500
kms 1) absorptioriine wasfoundin theregion of thesouthern
hot-spot.

This may have importantimplicationsfor the evolution of
theradiojets. Althoughthis gaswill notbeableto con ne the
radio source,it may be ableto momentarilydestry the path
of the jet asshown alsoby numericalsimulations(Bicknell et
al. 2003).Thus,this interactioncanin uence thegrowth of the
radio sourceuntil theradio plasmaclearsits way out.

5.3. Fast Out o ws

Gasout owsassociateavith active galacticnuclei(AGN) pro-
vide enegy feedbackinto the ISM that canprofoundlya ect
the evolution of the centralengineaswell asthat of the host
galaxy The mass-lossate from theseout ows canbe a sub-
stantialfractionof theaccretiorrateneededo powerthe AGN.

Fastout ows have now beendetectedn alargefraction of
nearbyAGN via obsenationsat visible, X-ray andUV wave-
lengthsassociatedo ionizedgas(seee.g. Veilleux etal. 2000,
Kriss 2004, Elvis, Marengo& Karovska2002andref. therein
for anoverview). It is, thereforenottoo surprisingto nd such
out ows alsoin radio galaxies(seeMorganti et al. 2003afor
a summaryof recentresults). However, it is extremelyintrigu-
ing thediscovery of anumberof radiosourcesvherethe pres-
enceof fastout ows (up to 2000 kms 1) is associatechot
only with ionizedbut alsowith neutralgas.This nding gives
new andimportantinsightson the physicalconditionsof the
gaseousediumaroundanAGN. Thebestexamplessofarare
the radio galaxies3C 293 (Morganti et al. 2003b,seeFig.8a)
and4cC 12.50andthe Seg/fert galaxylC 5063 (Oosterlocet al.
2000).1t is alsoworth noticingthatout ows of ionizedgasare
alsoassociatedavith theseneutralout ows (seeMorgantietal.
2003a).

An otherinterestingobjectwhereanH| out ow hasbeen
detectedis the Compton-thick, broad-line and GPS radio
galaxyOQ 208.TheH | spectrunof this sourcgthatis only 10
pcin size)is shavnin Fig. 8b. Guainazzietal. (2004)suggest
thatin this sourcewe coulld be seeingthe jets piercing their
way througha Compton-thickmediumpenadingthe nuclear
ervironment. The out ow detectedn H1 (seeFig.8b)would
be an otherindication of this processGuainazziet al. (2004)
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Fig. 7. (Left) VLBI continuumimage(grey scaleandthin contours)of 4C 12.50 (from Morganti et al. 2004a)superimposeanto the total
intensityof the (narrawv) H | absorptiorobsened at the systemicvelocity (thick contours) The positionof theradiocoreis alsoindicated.The
contourlevelsfor the continuumimageare:5 mJybeam? to 800 mJy beam? in stepsof factor1.5. (Right) H 1 absorptionpro le obsered
with the WSRT (black)andVLBI (red).A broad,shallav H 1 absorptioris detectedn the WSR Tobserations.Dueto the narraver band,this

broadabsorptioris not detectedn the VLBI obsenations.

alsosuggesthatif the jets have to interactwith sucha dense
medium,one could largely underestimatinghe radio activity

dynamicalagedeterminatedor this kind of sourcedrom the
obsenedhot-spotrecessiorvelocity. A similar situationcould
beoccuringthethe GPS4C12.50describedabore.

A numberof possiblehypothesesan be madeaboutthe
origin of thegasout ow (e.g.,starhurstwinds, radiationpres-
sure from the AGN, adiabaticallyexpandedbroad emission
line clouds).In somecasesthe possibilitythatthey aredriven
by the interactionof the radio jet with the ISM seemsto be
favored. To investigatewhetherthis is indeedcorrect, high-
resolution(VLBI) studiesarein progresso nd theexactlo-
cationof the ou owing gas.So far theseout ows have been
foundin objectsthatareeitherin the early-stageof their evo-
lution (like 4C 12.50)o0r, perhapsin a phaseof re-startecac-
tivity (asmightbethecasefor 3C 293). Anothercharacteristic
of thesegalaxiesis the presenceof a “young” stellarpopula-
tion (from their opticalspectraseee.g.Tadhunteretal. 2002).
Sucha componen{with agesbetween0.5 and2 Gyr) canbe
consideredan indication that the galaxyis indeedin a stage
of its evolution, whenlarge amountsof gagdust- likely from
the memer that triggeredthe actity - arestill presentin the
innerregion andtheradiojet is stronglyinteractingwith it. A
moresystematisearchor fastgasout owsin radiogalaxiess
now in progressaindhasalreadyrevealedmorecasef broad,
blueshiftedH | absorptions.

6. Conclusions

The H1 is animportanttool to study the physicalconditions
of the gasaroundAGN. Althoughthe main limitation of these
studiesis the sensitvity of presentday radio telescopesthe
possibility now becomingmore and more available of broad

bandobsenationsallows to explore the presenceof kinemat-
ically disturbedH I. This may represent relatively common
phenomenaperhapgelatedwith the evolutionarystageof the
radio sources.The importanceof understandinghe physical
conditionsof the gasin the erwvironmentof the AGN (bothin

the circumnucleattori aswell asin the AGN-driven out ow)

is illustratedby theinterestandthe wealthof obsenationsper

formed,e.g.,in theopticalandX-ray bands However, the pos-
sibility of imagingthis gasatvery high resolution- by obtain-
ing H 1 absorptiorwith milli-arcsecresolution-is unigueto the
radio bandandthe VLBI technigue.This combinedwith the
broadband(i.e. to instanteneouslgoverupto 4000 kms 1)

is providing an extremelypowerful tool to investigatehe con-
ditions(includingtheextremeonethatnow we know canexist)

of theatomicgasaroundAGN.

The next stepis, however, the dramaticimprovementand
possibilitiesthatthe new generatiorof radiotelescopewill of-
fer. A summaryof the possibilitiesthat the SquareKilometer
Array will openfor the studyof the ervironmentof the AGN
are summarizedn Morganti et al. (2004b). Apart from the
moredetailedstudyof the H1 in single objects,the SKA will
provide the possibility of performinglarge surveys andunder
standthe occurenceof the phenomenalescribedabove and
their relationwith the propertiesof the hostgalaxy The SKA
will allow to investigatean unexplored region of parameter
spaceAt presentserendipitou$l | suneyscanalreadybecar
ried outin everydeep eld, for exampleby usingspectral-line
mode,in which continuumobsenations(seee.g. Morganti et
al. 2004cfor thecaseof the SpitzerSpaceTelescopéd-irst-Look
Deepsuney donewith the WSRT).

With the high sensitvity expectedfrom the SKA, we will
be ableto searchfor H | absorptiorat 0:01 level (the typ-
ical absorptiorfoundin casesof circumnucleatori) on every
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Fig. 8. (Left) TheH | absorptiorpro le detectedn 3C 293 from the WSRT obsenations.The spectrunis plottedin ux (mJy)againstoptical
heliocentricvelocityin kms * (from Morgantietal. 2003).(Right) BroadH | absorptiordetectedusingthe WSRT) againsthecompacsource
0OQ 208.The systemicvelocity derived by Marzianietal. (1997)is alsoindicated. The VLBI radiocontinuum(thatis only 10 pcin size)is

takenfrom Stanghellinietal. (1997).

sourcestrongerthanonly a few mJy of ary obsened eld. It
will belike searchingavery sourceof the NVSS catalogueor
H 1 absorptionThe large instantaneoubandwidthwill ensure
thatalargerangein redshiftis coveredto detecthisabsorption.
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