
Proceedingsof the7thEuropeanVLBI NetworkSymposium
Bachiller, R.Colomer, F., Desmurs,J.F., deVicente, P. (eds.)
October12th-15th2004,Toledo,Spain

The H2O Maser from the AGN of NGC 1052
A. Haba1, S.Kameno2, S.Sawada-Satoh3, andN. Sato4

1 Departmentof Astronomy, Facultyof Science,TheUniversityof Tokyo, Bunkyo-ku,Tokyo 113-0033,Japan
2 NationalAstronomicalObservatoryof Japan,2-21-1Osawa,Mitaka,Tokyo 181-8588,Japan
3 Instituteof AstronomyandAstrophisics,AcademiaSinica,Taipei106,Taiwan
4 Departmentof Physics,Facultyof Science,HokkaidoUniversity, Kita 8 Nishi 5, Sapporo060-0808,Japan

Abstract. We report observationsof H2O maseremissionfrom the AGN of NGC 1052. The velocity rangeof the maser
emissionis 1450� VLSR � 1850km s� 1, themostredshiftedever seenfrom this source.We detecteda narrow componentwith
a FWHM of 21km s� 1 in the maserspectrumpro�le for the �rst time. The peak�ux densityof the narrow featureis 47mJy
at VLSR = 1787km s� 1. Over a short time interval of 3 � 105 sec, the peak�ux densityandthe velocity width of the narrow
featureappearedto changeby 16 � 9% and� 30 � 12%, respectively, with the peak�ux densityof the continuumemission
simultaneouslyvaryingby 21% .
We assumethat thenew narrow componentis locatedwithin 0:05pc of theAGN. The increasingof thepeak�ux densityand
the narrowing of the velocity width of the narrow componentimply an increasein the gain of the maserthroughthe excited
molecularcloud. Sincethe continuumandthe narrow componentsbrightenedsimultaneously, the continuumareregardedas
theseedphotonof themaser, runningbehindtheexcitedmoleculargas.ThemasersaregeneratedthroughtheXDR wherethe
knotsof thecontinuumjet areampli�ed. Anotherpossibleinterpretationis theinteractionbetweenthejet from theAGN andthe
moleculargas.

1. Intr oduction

Detailsof theaccretiontowardtheactivegalacticnuclei(AGN)
is still unclear. More than30objectsareknown to emitparsec-
scaleH2O megamasersnear the AGN, and thus H2O maser
observationsprovide signi�cant information.H2O masersare
usedto measurethe velocity and the position of the molec-
ular gaswith the precisionof � 0:1km s� 1 and � 0:01 pc,
respectively. Most megamaserobjectshave a narrow feature
<� 20km s� 1 in their spectra,while only threeobjectscover a
broadrange >� 100km s� 1. NGC 1052 is the nearestin the
three,ataredshift:Z = 0:0049(Vsys = 1459:1km s� 1) (Knapp,
Faber& Gallagher. 1978), andhassymmetricdouble-sidedjets
(Jones,Wrobel & Sha� er. 1984). In NGC 1052 any narrow
featuresof the masershadnot appeared(Braatzet al. 2003).
Claussenetal. (1998) reportedthatthereis a gradientbetween
thevelocityandthepositionof themaserby � 100km s� 1, and
thatthemaserslocatedalongthewestern-recedingjet.Themo-
tion of thebi-symmetricjetsinclined57� alongtheline of sight
is estimatedof � 0:26 c (H0 = 65km s� 1 Mpc� 1) (Vermeulen
et al. 2003). And thereis a trousperpendicularto the jet, and
the western-recedingjet is attenuatedby free-freeabsorption
(FFA) in the foregroundgeometricallythick torusthat is con-
sistedof thecolddenseplasma(Kamenoet al. 2001).
The H2O masersemerge from the excited moleculargas.An
X-ray from theAGN irradiatesthemoleculargas,andproduce
a deepX-ray dissociationregion (XDR) asthemeanfreepath
of X-ray is large.Themoleculargasis heatedabove400K and
excited. The X-ray luminosity of NGC 1052 is measuredof
1:4 � 1041erg s� 1 (Kadleret al. 2004). In NGC 1052theXDR
could be createdin the geometricallythick torussurrounding
theAGN.
In theposter, wereporttheappearanceof anew narrow compo-

nentin themaserspectralof NGC1052andreferto theprocess
of thecreationof themaserby consideringsomepossiblemod-
els.

2. Obser vations & Results

We observedtheH2O maseremissionat 22GHz towardNGC
1052 by using Nobeyama45-m radio telescopeduring four
days,2003May 30 - June2. A resolutionswere0:26km s� 1

and 1:6km s� 1.The mean system noise temperatureswere
189K on May 30 and 164K on June2, on the other hand
400� 2000K on May 31 andJune1, hencethe dataof these
two dayswerediscarded.
Thevelocity rangeof themaseremissionwas1450� VLSR �
1850km s� 1 (Fig. 1). This is more redshiftedthan ever ob-
served(Braatzetall. 2003). Thepeak�ux densityof themaser
emissionis 89mJyat1786km s� 1. In thismaser, wedetecteda
bright,narrow featureof FWHM = 21km s� 1, for the�rst time
(Fig. 2). Its peak�ux densityis 47mJyatVLSR = 1787km s� 1,
i.e., redshiftedby 328km s� 1 with respectto thesystemicve-
locity. Furthernorethepeak�ux densityof thenarrow feature
increasedfrom 44:3 � 2:5 to 51:1 � 2:6mJyby 2� , while the
FWHM decreasedfrom 23:1� 2:3 to 16:2� 1:0km s� 1 by 2:7�
duringMay 30 thoughJune2. At thesametime thepeak�ux
densityof thecontinuumemissionincreasedfrom 642� 33 to
775� 24mJy.

3. Discussion

If we supposethevelocitygradientof � 100km s� 1 (Claussen
et al. 1998) still appliesat thetime thenew narrow component
appeared,the position of the new narrow componentis sur-
misedto bewithin 0:05pcfrom thecenter.
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Fig.1. TheH2O maserspectrum.

Fig.2. A spectralpro�le of the new narrow componenton May 30
(top)andJune2 (bottom).

An outputintensityof masersis theproductof an input inten-
sity of seedphotonsandagainof masers(Dopita& Sutherland
2003). Thusthe increaseof the peak�ux densityandthe de-
creaseof thevelocity width of thenarrow componentsuggest
thatthegainof themaseremissionincreases.
Sincethe masersare locatedin only the western-recedingjet
(Claussenetal. 1998), andthemoleculartorusis in front of the
western-recedingjet alongtheline of sight,wecanassumethat
theincreasingof thecontinuumimpliesincreasingof theinput
photons,andthereforetherecedingjet providestheseedpho-
tonsfor themaser. In thismodeltheseedphotonsfrom thecon-
tinuumjet areampli�ed throughXDR, andthegain increases
andtheintensityof themaseremissionincreasesasaresult.
Anotherpossiblemodelis themoleculargas,excitedby thein-
teractionwith the jet, emits the maser. For the jet velocity of
� 0:26 ckm s� 1 (Vermeulenet al. 2003), a kinetic power of
the jet couldbeestimatedof � 6 � 1042 erg s� 1. Thustheesti-

matedpower of the jet exceedstheobservedX-ray luminosity
of 1; 4 � 1041 erg s� 1 (Kadler et al. 2004), but this can arise
(Isobe2002). In this model the new narrow featurecould be
producedasthemaseremergedthroughthemoleculargas,ex-
citedby theshockwith thejet, whichextendsalongtheline of
sight.However it is unclearwhy only redshiftedmaserswere
detected,but blueshiftedmasersarenot.

4. Conc lusions

We observed the H2O maserof the AGN of NGC 1052.The
range of the maseremissoin is most redshiftedever seen
for NGC 1052. We detecteda narrow component,FWHM
= 21km s� 1 andthepeak�ux density� 47mJy, in themaser
spectrumpro�le for the�rst time.Thepeak�ux densityandthe
velocitywidth of thenarrow featureincreasedby 16� 9% and
narrowedby 30� 12%,respectively. And thepeak�ux density
of thecontinuumemissionalsobrightenedby 21% at thesame
time. The increasingof the peak�ax densityandthe narrow-
ing of the velocity width of the narrow componentimply an
increasein thegainof themaserthroughtheexcitedmolecular
cloud. Thereforethe possiblemodel is the maserresult from
the continuumcomponentbehindthe torusampli�ed through
XDR. Alternatively, it may be possibleby the interactionbe-
tweenthejet from theAGN andthemoleculargas.
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