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1 Intr oduction

TheMetsdhei RadioObsenatory, a separateesearclhinstituteatthe Helsinki Universityof Technologysince
May 1988, operatesa 14 m diameterradio telescopeat Metsdhi, Kylmala, about35 km westfrom the
university campus.Theinstitutealsohaspremisesn the ElectricalEngineeringraculty building, Otakaaris,

Espoo. The main usersof the stationarethe Helsinki University of Technologythe University of Helsinki,

andthe University of Turku. In the sameareanhearMetséahei RadioObsenatory, therearealsothebuildings
of the Metséhei Obsenatory (University of Helsinki; opticalastronomygandthe Metséhei SpaceGeodetic
Station(Geodetidnstitute;geodesy).

TheMetséhei RadioObsenatoryhasbeenoperationakince1974. Theupgradingof thetelescopavasdone
during1992 1994. The radomewasreplacedwith a nev oneandnew surfacepanelswereinstalled. The
surfaceaccurayg of the presentelescopéas 0.1 mm (rms). The old analogseno systemof thetelescopavas
replacedoy anew digital seno systemin 199§ 1999.Planningof new observingprogrammesvasstartedn
1999.

TheMetséhei RadioObsenatoryis active in thefollowing £elds:

2 Researclin radioastronomy

2 Developmentof instrumentsieededn radioastronomy

2 Developmentof methoddor radioastronomicameasurements,
2 Spacaesearchand

2 Education.

The activities at Metséahei are concentratedbn millimeter waves and microvaves. The usedfrequencies
are10 ®¢ 150 GHz, andthe correspondingvavelengths30 ¢#¢2 mm. The researctin technologyincludes
developmentof microwave recevers, developmentof receving methods,developmentof dataprocessing
and developmentof antennatechnology The objectsof radio astronomicakesearchare: solar millimeter
and microwave radiation,variablequasarsactive galaxies,molecularline radiation,andvery long baseline
interferometry(VLBI). Metsahei participatesn the educationat the Helsinki University of Technologyby
organizing coursesand exercisesfor studentsand graduatestudentscan study for a licentiates or doctor's
degreeat Metsahei.

Around 15 scientistsgngineersor researctassistantsandsupportpersonnefrom the Helsinki University of
Technologywork attheinstitute. In additionabout10 studentslid radio astronomicabbsenationsunderthe
guidanceof Metsahwi staf. Five of the emploseesare paid by the Helsinki University of Technology and
the othersareemployed by researctprojectsEnancednainly by the Academyof Finland. The otherusersof
the Metsahei telescoparetheradioastronomygroupat the University of Helsinki, andtheradioastronomy
groupatthe University of Turku.

In 2002thetotal expenditureof the Metsdhei RadioObsenatorywasabout800000euros jncludingsalaries.
Thiswas£nancedy:

Helsinki University of Technology64 %
Academyof Finland24 %
Others12%



2 Reseach Activities

In this chapterthe main researchactiities at Metséhei areintroduced. Someof the projectteamsinclude
alsoscientistavorking at otherinstitutes.The contactpersonat Metsahei is underlinedin eachprojectteam
list.

2.1 Radio Astronomical Instrumentation

Researclroupat Metsédhei: Urpo, PeltonenMujunen,Oinaskallio,Koistinen,Ritakari,Ronnbeg, Sjoman

2.1.1 Planck 70 GHz Recever

ProjectTeam:Sjéman PeltonenR6nnbeg

During year 2002 the EBB-phase(Elegant Bread Board) was completedin the Planck 70 GHz recever's
building project. The projectwasmaintainedasco-operatiorprojectbetweerMetséhei, Millilab andYlinen
Electronicsasin the previousyears.The participationof the Metsahei RadioObsenratoryis mostlyrecever
building andsomemeasuremergquipmentoansto Ylinen Electronics.In the EBB-phasea large numberof
measurementseredonein the cryogenicchambeiownedby Metsahai.

A cryogenic70 GHz highly integratedultra low noiserecever was built and measuredn the EBB-phase,
Figurel.

Figurel: A ultralow noisePlanck70 GHz recever front endModulewith externalwaveguides.

Therecever front endmoduleshoved promisingresultsgiving morethan35 dB gain andabout25 K noise
temperaturdetweer63 and77 GHz frequeng bandwidthat 20 K physicaltemperaturefrigure?2.

AlsotheBackEndModule(BEM) wasbuilt andmeasuredo have promisingresultsgiving about70dB(mV/mW)
sensitvity factorusing20 dB RF gainand20dB videogain, Figure3 andFigure4.

2.1.2 3and2mm SIS Recevers

Projectteam:PeltonenOinaskallio,Urpo
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Figure2: Planck70 GHz front endmodulegain andnoiseat 20K physicaltemperatureUppercuneis gain.

Figure3: BEM layoutstructure.

The2 mm SISrecever borravedfrom Institutode RadioAstronomiaMilimetrica (IRAM) wasdisassembled
afterthe last 150 GHz VLBI session.All the parts(althoughthe recever is old it is still operationalwere
placedin a containerandsentbackto IRAM.

A new 2 and3 mm SIS recever hasbeenorderedfrom Nizhny Novgorod, Russia.With this recever at 84—
115.5GHz simultaneousircular dual-polarizatiormeasurementshouldbe possible,at 129-160GHz only
right or left handpolarizationcanbe chosenat a time. The recever will operatein a SSB modefor both
bands.As alocal oscillatorfor the 3 mm banda Gunndiode oscillatoris used,for the 2 mm bandinsteada
BWO (with ahigh voltagepower supply)generatohadto be chosenBothwill bephasdockedto the5 MHz
frequeny standardThereceverhasabroadbandl GHz bandwidthcenteredat 3,95GHz) continuumoutput
andstandard/LBI outputsat 500-1000MHz.

In 2002a meetingwith the Russiardesignersvasarrangecdit Metsahei to clarify thetechnicaldetailsof this
comple recever.
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Figure4: BEM onechannekensitvity factorwith differentinput powers.

2.1.3 Geo-VLBI Recever

Projectteam:Urpo, Oinaskallio,PeltonenKéndnen

GeodeticObsenatory hasordereda new recever from the TTI Norte, SantanderSpainwhich will be usedat
Metséhei for geodetic/LBI obsenations.Thereceveroperateattwo differentbands.e. 8.150-8.650Hz

(X-band,BW=500MHz) and2.210-2.35MHz (S-bandBW=140MHz). Theright handcircularpolarization
canbe obseredfor both bands.The systemtemperaturef this recevver is around80 K whenthe LNAs are
cooledto 15K andthebulky feedsystemandpolarizersareatroomtemperature.

Thereceverwasdeliveredto Metsahi in Decembeby the TTI Norte personnelSomemechanicathanges
to therecevver anda new, largersubrexectois alsoneededeforethe actualobserationsarepossible.

2.1.4 Maintenanceand Upgradesof Recevers

Projectteam:PeltonenUrpo, Oinaskallio

Attemptsto repairtheright channeLNA for the43GHz VLBI recever (originally designedit NationalRadio
AstronomyObsenatory, USA) wereunsuccessfulThe fourth stageseemdo have a catastrophidailure and
alsothe £fth stageshavedinstability problems.

In orderto repairthe dualchannelreceier to be operationabndreliablein the future completelynew LNAs
were orderedfrom Ylinen Electronics. Theseare basedon the MMIC techniqueswith two cascadedNP-
HEMT chips(eachchip contains4 HEMT stages) Thefrequeny responsés broadbandrom 40to 46 GHz.
At the centerfrequeng of 43 GHz the gain andthe noisetemperaturere(at cryogenictemperaturesjs dB
and20K, respectiely. Thereceverwill beassemblegvith thesenew ampliEersandthe correspondingower
suppliesin 2003.

2.1.5 IT Infrastructur e

ProjectTeam:Mujunen Nieminen

Sharpeningherole:



During theyear2002computemanagemennetwork andsystemadministratorseam)startedto usespecial
namingfor IT operationscalledIT InfrastructureManagement|TIM. They addedthis acrorym into their
new systemdocumentationtoo. The expandedrole of is recectedin changingthe nameof this chapter
from “Computing Environment”to “IT Infrastructure”which betterdescribeghe new role of multi-hosted
measuringandcalculating.It is highly probablebe thatthe role of networking andInternetwill still become
moreimportantin comingyears.

Sgymentatiorof hostsinto differentadministratve domainswvasstartedmainly because possibleandproba-
ble upgradepathto network equipmenfor afuture VLAN andLayer3switched1000/100/1Mbit/s Ethernet
ernvironment.Thesesegmentsareillustratedin Figure5 which describeshe Metséhei network topology

METSAHOVI RADIO OBSERVATORY
ACOMMS "SUNANT" "ESSCO"

Overall system and network topology
Antenna contro O

Measurement support
ADAM/NUDAM

L] ]
] ]
] ]

OO
OO
)OO

1 GB switched ethernet backbone

CORE

OO
] 10000000000
I N N

o [ [ [
000

to the FUNET/FICIX/NORDUnet/Internet

Figure5: Overall systemandnetwork topology

In Figure5, themajorsegmentsare:

ACOMMS: Antennahostsarenow underACOMMS, “Antennacontrol, maintenancandmeasuremerseg-
ment”.

SCIWS:Workstationsandspeciaworkstationsarenow underSCIWS,“ScientiEcWorkstations”.Theseare
thegeneral-purposkostsfor individual usersfor performingeverydaytasks.

COREservices:Theseareall critical IP andnetwork servicesn Metsahei in orderto handledaily opera-
tions.

Therehasbeenno majorchangesn LAN area.Local areanetwork is built upona 1 GBit/s Ethernebackbone
with switched10/100Mbit/s Etherneffor hostlinks. Therearestill a coupleof 10Base2thin Ethernet’NICs
still in hosts.They will removedif favor of direct10/100Mbit/s Ethernetswitch connections.

Therewereno changesn WAN gatevays. However, for high speedmeasurementequirementsuchase-
VLBI, VLAN andLayer3switching/routingplansareready Reserationsfor 1 Gbit/s both £berandcopper
Ethernetinks acrosgshe Metsahaei siteareready

Thehosternvironmentof Metséhei continuegdo featureafull “OS rainbawv”: DOS,Linux, MacOS VAX/VMS,
andWindows hostsareall beingcontinuouslyused. Although the vastmajority of computersun a version



of Debian/GNU/LinuxandMacOSandVAX/VMS arebeingphasedut, someWindows hostsseemmanda-
tory for runninglegacy applicationsaswell asembeddingDOS in a few control computers. DifferentOS
revision levels makesupdatingsometimesa bit complicated.A well-documentedstingprocedurethe new

systemdocumentatiostructureandagoodreferencenodelhelpalot in this processRunningplatformswere
partially updatedo Debian2.2“potato” and3.0“woody”.

In “CORE Services"segment,the DHCP senerwastakento testphasevia Debian2.2 upgradesandafterroll-
outtestingit wastakento productionuse.All new (andupgraded).inux andWindows hosts(except*“CORE”
hosts)receie their TCP/IPnetworking settingsrom the DHCP service.Full relianceon DHCP exclusively is
waiting for the completionof upgradingall Linux hoststo atleastDebian2.2, preferably3.0.

Identi£cationof “Scienti£c Tools”, a setof recommendedoftware,licensemanagemenfwhereapplicable),
andapplicationguidesto differentmeasurementesearctandproductionprocessebasstarted As anexample
of this processStarOEce5.2 wastestedbut not acceptedor production.Laterin 2002,0penO£cel.0was
evaluatedduringsummerandit wastakento supportedstagewith its packagedebianversion1.0.1.

Towardsendof theyearnew documentatiorstartedto geta formalizedshapecalledITSDS (IT SystemDoc-
umentationStructure).This includesregularIT systemstatusreportswill will be seenunderthe subcatgory
ITISTATR within theharmonizedlocumentatiorstructure.

2.1.6 NewHydrogenMasers

ProjectTeam:QinaskalliQ Mujunen,Nieminen

Stablestationtime anda reliablefrequeng standardarethe foundationof all of our measuremenwork. Our
previoustime/frequeng systemwasbasedon a single EFOS-9hydrogenmaserfrequeny referenceandwe
usedGPSreceversto checkandmonitorthe differencebetweerEFOS-9andGPS-transmittetd TC time.

Figure6: Installationteamfrom Kvarzcompayp.

Improvementof our frequeny equipmentegunwith building a new “clock basementto stabilizeerviron-
mentalinauenceagainstthe newv H maser‘clocks”. Operationakrnvironmentin Metsahei canvary between
i 30° and+ 30*C soit wasa challengeo build a stableroomwherebothtemperatur@andhumidity arewell-
controlled.

We recevedtwo Kvarz“CH1-75” active H-maserdrom the Institute Of Applied Physics,Nizhny Novgorod,
Russia. Two units, otherwiseidentical, were labeled“Kv arz-69” and “Kv arz-70” accordingto their serial
numbers After a calibrationsessiorthey werereadyfor use.



Thechartin Figure7 shavs how stablethey are. It canbe easilyseenthatKvarz-70(darkblue)is extremely
stablewhencomparedo GPS-HP(magentaa time-recovering HP58503AGP Srecever). The older naviga-
tion GPSrecever, Magnavox (green) shavsits typical peaksn therecoveredl ppstiming pulse,andtheailing
EFOS-9(turquoise)is runningcompletelyits own ways. After theweekshavn in chartit did not operateary
moreandit wasretired.
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Figure7: Comparisorof differenttime/frequenyg standardsit Metsdhei. Referencés madeto the Kvarz-69
H-maser0 in y-scalewherenumbersarein ps.

In Novemberwe experiencedproblemswith the Kvarz-69asit stoppedunctioning. While still undermanu-
facturers warranty the problemis beinganalyzedandtherepairprocesss undervay.

A possiblefuture developmentis the developmentof £beroptic interfacesto the 1ppsand5 MHz signalsof

thenew H masersTheremightbeadwantagesn usingEbertechnologyinsteadof coppercablego avoid elec-
trical interference Currentlythe 1ppssignalhasbeenisolatedwith anoptocouplerandthe 5 MHz reference
frequeng with anisolationtransformer

2.1.7 The Developmentof New Observational Programsfor Metséahovi

Projectteam:Kdnénen Mujunen
Basicoutline

Therenaval of the observingsystem,ncluding the updatefrom the old micro-VAX computefinto the Linux
PCenvironment,hasforcedthe solarandquasaicontinuumobservingprogramso berevised. Major changes
in the observingsystemareits digitalizationanddecentralizationA singleobservingcomputeris no longer
responsibldor all tasks. In the reneved systemseparat@®bservingsub-systemsnanagdower level opera-
tions suchasantennacontrol, sourcepositioning,anddatasampling.The sub-systentontrolandmonitoring
is available via computernetwork, sinceit is basedon Linux PCsand Adam/NuDAM moduleswhich are
connectedo Metsahei LAN. Thereforenew observingorogramsmay functionon a higherlevel, in arole of
a“communicatingcommander”.

If the new observingprogramswould be £xed like the old ones,it would be dif£cult to take the full bene£t
of the modularityof the renaved observingsystem.Thereforea new approachwaschosen.The old separate
observingprogramswill bereplacedby a commandnterpreterthat executesary commandsvhich obey the



newly createdbservingprogramsyntaxandthenew observingorogramswill bepre-writtenproceduresvhich
canberenavedandcomplemented necessaryThis approactoffersaexibility andmary meansasit makes
updatesextensionsandnew utilities easierto accomplish.

Thebasicrequirementgor the commandnterpreterandthe syntaxare: simplesyntaxthatenableswriting of
“observingproceduresWhich allows reliableobservingcommunicatre controlof sub-systemsandtoolsfor
executingspeci£operationandmonitoringtheresults.

The interpreterinput is ASCII lines, which are readeither from the online input or from a text £le. The
syntaxof eachline determinesvhethertheinterpretemill executeit asa TCPcommando anobservingsub-
system a conditionsentencea timing commanda procedurede£nitionor executioncommand substitution,
operatioror asa perlevaluationsentenceln additionto thistheinterpretemustalsoprovide variousfunctions
and proceduresvhich performessentiatasksin astronomicabbserving(for example,pointing, calibration,
sourcecoordinatdibraries,storageof datain FITS format,andgraphicalmonitoringof the data).

Theinterpretelis programmedn Perlprogrammindanguagehathasexcellenttext manipulatingcapabilities
andallows oexible exploitation of variousotherutilities suchassystemcommandsC programsandplotting
utilities.

Projectstatus

As the yearstarteda simpletestversionof the commandinterpreteralreadyexisted. During the year 2002
this projectcontinuedperiodically Severalupdateversionsof theinterpretemwerewritten andthe syntaxwas
preliminarily specifed.By the end of the yearthe commandinterpretermanagednostof the basicsyntax
interpretationand commandevaluation. Procedurede£nitionand executionwere partly untestedand array
structureandmoresophisticateditilities (for example,datacorversioninto the FITS format, pointing,source
coordinatdibraries)werestill missing.

Theinterpretenwastestedin actionin two occasiongluringtheyear2002. PekkaPuhakkauseda very early
interpreterversionfor the 2m solarradiometermeasurementsinothertestoccasionwasin springwhenthe

pointing andcalibrationweredeterminedor the 2 mm VLBI experiment. Thesetaskswere complicatedby

the compleity of the recever andby the factthatthe new back-endsystemturnedout to be yet unEnished.
Only atemporaryvoltageregulatorcardenabledhetestusage During therestof theyear2002furthertesting
of theinterpretemwasexecutedoy “virtual observing”,i.e. by directingall TCPcommandsgo asener program
thathadbeenwritten speci£callyfor testpurposes.

The£nallocationof theinterpretemwill beatthedirectory”/local/meacon/ " of “meacon’Linux PC.Meacon
is locatedin the middle of the controlroomracksandit is connectedo the Metsahei LAN. Meaconhada
mountedaccesgo "data:/data‘directoryandin early 2002the accesdo “kurp:/home/ " wasalsogranted.
This makes observingdataand userhomedirectoriesavailable for meacon. The interpreterutilizes several
DebianLinux package®f which somearecritical like Perl DataLanguageg(PDL) that providesfastarray-
orientednumericaloperation@ndbasicutilities for handlingdatain FITS format. Dueto theon-goingDebian
Linux updatesrequesteghrogrampackage$adnot yet beeninstalledto meacorby theendof theyear

Thetimetableestimatds thatthatthe new observingprogramswill betakeninto usagen May, 2003.

2.1.8 Developmentof Next Generation VLBI Recording Systems

Projectteam:Ritakari Mujunen

During the year2001it becameobvious thatthe speedand capacityof normalpersonakcomputersandhard
diskswould quickly surpasshetape-basedecordersiormallyusedin VLBI.

MRO starteda projectto developa commercial-dfthe-shelfVLBI dataacquisitionsystem.

The developmentwvasbasedn thefollowing assumptions:

2 MRO will only develop minimal dataacquisitionhardware. Commercialcompaniedake careof the



personatomputerdevelopment.
2 Datais treatedasnormal£lesin Linux £lesystemnotasspecialVLBI data.

2 The systemmust be low-costand scalable. Becausehe cost of one dataacquisitionsystemis low,
severalunitscanbe usedto achiese high datarates.

2 ThesystemmustsupportcommonVLBI standardsMk4, VLBA, VSI-basedjigabit VLBl andS2.

The dataacquisitionsystemwould consistof two hardware modules: An VSI-H standardcompliantdata
acquisitionboardfor a personatomputeranda multi-standardo VSI-H corvertermodule.

The PCB designof the prototypedataacquisitionandcorverterboardswascompletedn Januarythe boards
wereassembledndtestedn February-Marclandthe designwasadoptedor mass-productiom April. One
£nalproduction-qualityvSIB dataacquisitionboardis shovn in Figure8.

Figure8: VSIB PCl-based/SI-H dataacquisitionboard.

Theoperatiorof thedataacquisitionsystemvasdemonstratedt JIVE, Netherlandsn July. A serieof 93data
acquisitionand corverterboardswere producedat the startof Augustusingthe automatedSMT production
line of theHUT Laboratoryof ElectronicsProductionTechnology

The MRO dataacquisitionsystemwas successfullytestedin the Jodrell Bank Obseratory - JIVE e-VLBI
demonstratioin September

In Octoberl6th, Metsahei andKashimaSpaceResearciCenterperformedthe world's £rstintercontinental
gigabite-VLBI experimentusingthe MRO developeddataacquisitionsystemat Metséhei andthe Japanese
PC-VSI2000-DIMdataacquisitionsystemat Kashima.The prototypeequipmenis shavn in Figure9.

2.1.9 Solar Monitoring Telescope

ProjectTeam:Urpo, Mujunen,Sjéman

Sunantennads a separatesmallsizerecever systemdesignedo obsene thetotal aux of the solarmicrowave

radiationwith apassandof aboutl GHz aroundcenterfrequeng of 11:7 GHz. Rathersimplifedconstruction
consistof standarccommerciaimicrowvave front end,self designedF-electronicsaanddataacquisitionby 16-

bit A/D-corverter The sizeof the mainbeanin radiationpatternof the antennds approximatelyl:1*, which

is enoughto obsene thetotal @aux of the Sun's hemisphere.



Figure9: Thetwo-PCprototypeusedto recordgigabit VLBI data.

Recever hasgot two channels|inear andlogarithmic from which thelinearis the only calibratedoneat the
moment. Thus, the recever offers now a dynamicalrangeup to approximately5000K in antennaempera-
ture, correspondingup to 400 Solar Flux Unit radio burstin the Sunwhenthe systemnoiseandsilent Sun
backgroundevel is substracted.

Controlsystemof theantennas usingquitelargely thesamecomputerandelectronicsarchitectureasthemain
telescopeof Metséhei obsenatory, althoughsomenew designfor examplewith SSlencoderinterfaceswas
implemented.The out-doorpart of the recever consistsof diameterof 1:8m commercialsatellitedish and
smallaccessorgompartmentMain electronicdor seno systemanddataacquisitionwith two computersare
£ttedinto onerackinsidethe controlroom.

Thisinstrumenthasbeenobservinghe SuncontinuouslysinceAugust2000excludingsomecalibrationmea-
surementsmaintenancend twilight/night time. Someexamplesof obsered eventsareincludedin chap-
ter2.6.3.

2.2 Extragalactic Radio Sources

Researclisroupat Metsahei: Urpo, LahteenmakiTerasrantaJornikoski

2.2.1 Monitoring of Quasars

ProjectTeam: Terasrantalso-Markku,Koivisto, Wiren

The quasamonitoringwith the Metséhei radio telescopecontinuedfor the 22ndyear Eventhe observing
time wascut nearlyto half from the previousyear the projectstill managedo outnumbefastyearsobsena-

tions. This wasmostly dueto thelong dry seasonAlso the salariedor the obsererswerecut deeply which

resultedo mostlyautomaticbsenationsduringthe seconchalf of theyear Thetotal numberof obsenations
since1980is now over 52000.

The preparationof the new larger samplefor supportingthe next gamma-rayobsenatories, AGILE and
GLAST continued. Higher radio frequeng monitoring of quasarss essentiafor the succesof thoseob-
senatories. Our studiesof the mm-propertieof earlierdetectedgamma-raysourceshave indicated thatthe
commonselectioncriteria is a rat spectrumto very high radio frequencies.From the nat spectrumresult
someotherproperties]ike Blazartype behaiour with frequentearesandalsothe ejectionof superluminal
componentswhich canbetrackedwith VLBI obsenations.The gammaradiationis supposedo form justin
the bgginning of the millimeter nare,asthe new blob is seento emege from the coreof the Blazar To better
detectthe fresh componentspne shouldusethe highestpossiblefrequeng and largestpossiblebase-line.
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Figure10: Therux densityof thequasadC 38.41at 22 GHz since1982.

Spaceborne22 and43 GHz VLBI obsenationswould be needed.

Collaboratiorwith opticalobsenratorieshasbeenmostlythroughthe WEBT, whichis alsostronglysupporting
the AGILE mission.In theradioregime commonprogramswith theteamsof ThomasKrichbaumandHeino
Falcke have continued.In Figure 10 is shawvn the weekly meanzux densityof 4C 38.41since1982,which

haslately recevedalot of attentionmostlyin theradiobandsdueto thelonglastingouthurstspeakingat very
high frequenciesPeriodicvariationsin somesourceshave beenstudiedwith T. Paytunina.

In theVLBI areathelongtermmonitoringprojectobservinggamma-raydetectedlazarswith the VLBA at
22 and43 GHzleadby Alan Marschemwasalsosupported.

In theendof 2002the X-ray satellitelntegral waslaunched Evenits frequeng bandis notreachingheharder
gamma-rayarea,which shouldbe bestcorrelatedwith the millimeter behaiour of quasarspur teamhasstill
beenaslkedto supportsomeobsenations.

2.2.2 AGN Science

Team: Tornikoski, Lahteenmé&kiJussila,Parviainen,SalorantaVirtanen,Hakala, Ranta,Valtaoja(Turku),
Lainela(Turku)

Gamma-rayandradioemissionin AGNs

We have studiedtherelationshipbetweerradioandgamma-rayemissionin AGNsto £ndout by which mech-
anismthe gamma-rayemissionis producedn thesesources.
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Accordingto our studythe stronggamma-rayemissiorclearly occursaftertheformationof theradioshockin
therelatwistic jet. Thusthe site of the gamma-rayemissionrmustbe at a distancefrom the pointwherethejet
starts.We have calculatedhetime delayfrom the onsetof the mm radio@areto thegamma-raydetection(for
strongdetections)andthe delaywe getis approximateljtwo months.This translatesnto a lineardistanceof
about5 pcfrom the AGN core,well outsidetheaccretiondisk or eventhebroadline region usuallyconsidered
to beresponsibldor the gamma-rayemission.

Whethergamma-rayemissioris detectedr not, dependsisoonthetype of thesource Mostdetectedources
arehigh polarizationquasarsor evenlow polarizationquasarsbut BL Lac objectsareobsenedto beweakat
gamma-rayfrequenciesThis leadsusto concludethat stronggamma-rayemissionin quasarss producecby
the synchrotrorself-Comptormechanisnin the sameshocksin therelatiistic jet thatalsoproducetheradio
oares.Thewealer "baseline'gamma-rayemissiondetectedrom BL Lac objectsandsomequasarsould be
producedy the external Comptonmechanism.

We have alsostudiedthe sequencén AGN propertiesaccordingto the obsered synchrotrorpeakfrequeny
Npeak Suggestetdy Ghisellinietal. (1998, MNRAS, 301,451). Preliminaryresultssuggesthatthe properties
of thesourceshangeaccordingo increasingipeay, from highandlow polarizationquasars$o BL Lacobjects.
We alsofound that asthe npeak increasesthe Doppler boostingfactorand Lorentz factor both decreasdout
the viewing angle,the Comptondominancgsimply calculatedasthe relationbetweengamma-rayandradio
emission),andthe luminosity increase.However, one shouldbearin mind that our sampleconsistsalmost
exclusively of quasarsvhile otherstudiesg.g.,Ghisellinietal., have useda mixed sampleof bothquasarand
BL Lacobjects.

The synchrotronpeak frequencieghat are presentlyavailable are not sufEciently accuratebecauseof the
almostcompleteomissionof radio datain the spectral£ts. We are currently looking into £tting also the
radio part of the spectraof a sampleof sourcesn orderto obtainreliable estimatedor the synchrotrorpeak
frequencies.

We alsocontinuedour work on the radio-to-gamma-connectiorof the EGRET sourceghatwerenot £rmly
identifedwith known AGNs. Our obsenationscon£rmedhat mary of the sourcesassumedo be relatively
faintathighradiofrequencie$90, 230 GHz) — andthusalwaysexcludedfrom the earliermillimetre studies-
wereactuallybrighterthanexpected especiallycloseto the EGRET observingepochs.Sincethereseemgo
bea clearconnectiorbetweerthe activity in the millimetre andgammadomains £ndingsourcescloseto the
EGRETpositionbeingin anactive radio statewhenthey aredetectedn gamma-raysnakesthempromising
candidatedor theidenti£cation.

Our paperaboutSoutherrEGRETsourcesandcandidatesvaspublishedin 2002. In this paperwe wereable
to conErmtheidenti£catiorof severalsourceglassi£edis“possibleidentiEcationsvith anAGN” in theThird
EGRETCatalog,andsuggested handfulof new AGN counterpartdenti£cationdor the previously unidenti-
£edEGRETsources(SeeFigurell.) We presentedheseresultsatthe High-Enegy BlazarSymposiunheld
in Turkuin June togethemwith somesuggestiongor usingtheinformationaboutradio-to-gammaconnection
in triggering Target-of-Opportunityobserationswith gamma-raysatellites.

We have recentlystartedapplyingthe theoreticaknowledgegainedin the interplanetargransportandaccel-
erationof enegeticparticlesto jetsandshocksn active galaxies.Thiswork is a collaboratiorwith the Turku
Universityandis led by Dr. RamiVainio.

In 2002we werealsopreparingfor the INTEGRAL gamma-raysatellites obserations. Our teammembers
are co-investicatorsin mary INTEGRAL observingprojects,andwe are also offering ground-baseadnulti-
frequeng supportin the form of radio obsenationswith SESTandMetsahei. In Decembemve startedour
frequentmonitoringof theINTEGRAL sourcesicceptedor the £rstobservingperiod.

Inverted-spectrursourcesandcandidates

In 2002we continuedour studyof inverted-spectrumadiosources.

llona Jussilas £nishedher Masters thesiswork on GigahertzPealed Spectrum(GPS)sources.The original
goal of the thesiswasto identify new GPSsourcesandto study the variability of the known ones. After
gatheringdatafrom theliteratureandobservingthe sourcesamplewith both Metsahei andSESTtelescopes
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Figure11: Thetypical radio spectrumof an AGN is falling at high radio frequencieswhich would meana
90 GHz datapointlik e theoneindicatedby thegreencircle, obsenedin 1986by Steppestal. (A&AS, 1988).
Theredcircle, hawever, shavs a 90 GHz datapoint obsened by our groupin 2000. Eventhoughthereare
now only two high-frequeng datapointsavailable,we canseethatthe sourcePKS0130 171 canbe highly
variablein the millimetre domainandis alsoa goodcandidatdor gamma-rayactivity.

we wereableto identify six new inverted-spectrursourcegseeFigurel2). However, we noticedthatalmost
ahalf of the studied*bona£de” GPSsourceseally have a matspectrumandthe earliercorvex spectrashape
wasonly dueto selectioneffect.

This study revealedmostof the known inverted-spectrunsourceso have characteristicsliffering from the
original classicakconceptof GPSsourcesthevariability of the GPSsourcess saidto beinsigniEcantout the
sourceswve obsenred turnedout to be even strongly variableat high radio frequencies.The sampleswhich
have beenusedwhendecidingthe de£nitionfor the GPSsourceshave includedsourceghatgenuinelydo not
have aninvertedspectrumandthis hascausedver-interpretatiorof the characteristics.

Promptedby the interestingresultsin llona Jussilas thesis,we have now extendedour observingsampleto
includeayetlargersetof inverted-spectrumuasareindcandidatesWe arealsostudyingacomparisorsample
of inverted-spectrurgalaxies,sourceghathave rarelyif everbeenobsenedatthehigherradiofrequencies.

The GPSprojectis animportantpartof our Planckforegroundwork (seealsosection“Planck Science”).

High-pealedBL LacertaeObjects

Thetwo main BL LacertaeObject(BLO) subclasseghe radio-selectedBLOs andthe X-ray-selectedBLOs
(¥aHBLs), area productof differentdiscovery techniquesCurrentlyit is notknown whetherthesetwo classes
of objectsaretwo extremesof the BLOs, the obsened propertiesof which arede£nedby thejet orientation,
or whetherthey have intrinsically differentproperties The newly discoveredclassof IBLs seemgo consistof
sourcesntermediatdo theradio-selectednd X-ray selectedsampleslt is still unclearwhetherthe detection
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Figure12: BO420-014:This new high-peakingnverted-spectrursourceis very variableat all radiofrequen-
ciesandstill the spectrashaperemainsnvertedatall stageof actwity.

of the IBLs wasdueto a selectioneffect whenproducingthe sample,or whetherthe samplerepresentshe
actualdistribution of BLOs, shawving a continuousdistribution of propertiesfrom the HBLs to the LBLs. If
we study a full sampleof BLOs, we cangeta full understandingf the spectralenegy distribution of the
BLOs, all theway from theradio-selectetb X-ray selectedBLOs, andwe canseeif thereis acontinuityfrom
subsampléo subsamplandif this £tswithin the framework of theuni£cationmodels.

We startedto obsene alarge sampleof IBLs andHBLs in 2001,andthework continuedin 2002.By theend
of 2002we hadcoveredroughly 2/3 of our original sample.The preliminaryanalysisof the datais foreseen
for summer2003.

TheBLO projectis animportantpartof our Planckforegroundwork (seealsosection“Planck Science”).

AGN variability statistics

We have compileda large setof variability datafrom our high radio-frequeng SESTobserationsandare
working on the variability statistics.This work is partof the Planckforegroundscience gspeciallyrelatedto

theinvestigationof thetriggeringcriteriafor the Plancks Quick DetectionSystenthatour groupis responsible
for (see“Planck Sciencefor moredetails). The resultsfrom our SESTanalysiswill be publishedin 2003,
alongwith our completeSESTdatasets. We will extend our analysisto alsolower frequenciesandlarger
sourcesamples.

AGN classifcation

We have investicgatedthe useof someadvancedmethodsfor studyingthe classiEcatiorof AGNs. Using a
sampleof radiovariability datafrom our own obsenationsof Southerrsourcescomplementeavith datafrom
theliterature we studiedhow thevarioussourcedall into groupswithoutary a priori assumptionabouttheir
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group memberships.The methodswe investigatedincludedadwancedstatisticalmethodslik e the Principal
ComponenfAnalysisandClusterAnalysis,andthe neuralnetwork-basedohonenSelf-OiganisedMap. We
will continuethe useof someof the mostpromisingmethodsandinvestigatetheir applicabilityto other£elds
of AGN researchincludingactiities relatedto our Planckforegroundwork.

2.3 Planck Science

ProjectTeam:LahteenmakiTornikoski, Parviainen,Urpo, Jussila Valtaoja(Turku)

2.3.1 Intr oduction

ThePlancksatelliteis a missioncapableof mappingthewhole sky at severalradiowavelengths Theultimate
purposeof the satelliteis to measurg¢he cosmicmicrowave backgroundCMB) radiation, but atthesametime
all foregroundradiosourcesn the sky, including extragalacticradiosourceswill be measuredtoo. Thusthe
by-productof the CMB mapcleaningprocesstheforegroundsourcemapswill be usefulscienti£cresultsin

themseles. The satellitelaunchis scheduledor February2007.

Our PlanckExtragalacticRadio Sourcegesearchieamconsistf scientistdrom both Metséhei RadioOb-
senatory and Tuorla Obsenratory (University of Turku). Thereweretwo main tasksfor our teamthis year
First, to seethroughthe offcial kick-off of the Extragplactic Radio SourceswWork Group (i.e. WG 6), and
to maintainand possiblyincreaseour involvementand responsibilitiesn the work group. Secondto start
actively developingthe quick detectionsystem.Smallertasksinclude variousaspectof scientiEcwork and
collaborationwith otherPlanckresearchers Europeandin the US. Our teamwasalsowell representeat
the PlanckJointConsortiumMeetingin SantanderSpain,Octoberl4 — 16 (A. Lahteenmé&kiM. Tornikoski,
M. Parviainen)

2.3.2 Extragalactic Radio SourcesWork Group Kick-off

The kick-off meetingof the Work Group 6 took placein Paris, France,November25 — 26. Our teamwas
representedby A. Lahteenmaki. The purposeof the meetingwasto de£neoffcial work packagesandthe
peopleresponsibldor them.

Variousmemberf ourteamweretrustedwith seseralleadership®f thesework packagesThe Work Group
6.1 (Quick DetectionSystem),including subgroup$.1.1— 6.1.8,is the exclusive responsibilityof our team.
We arealsoresponsibldor arrangingthe supportingobsenationsatthe RATAN-600 facility (aspartof 6.2.1,
Pre-launchsuneys in supportof the Planckmission),arrangingall supportingobsenationsof BL Lac and
relatedobjectssuchasfaint QSOs(aspartof 6.2.3,Supportingobsenationsof known sources)andfor Her-
schelfollow-up of strongvariablesourcedoundin time ordereddata(6.4.4). We areactively participatingin
supportingobsenrationsof GPSandrising spectrunsourcegaspartof 6.2.3),supportingopticalobsenrations
(aspartof 6.2.3),developingspeciakoutinesto examinee.g.,slowly variablesource46.3.4),developingsim-
ulationsof time ordereddatafor variablesourceq6.5.5),andin severalliaisontasks.An importantscientiEc
effort on our partwill alsobe assistingn the compilationof the PlanckPre-launchPoint SourceCatalogue.
Thecataloguatself will mostlikely beconstructedvithin the NASA/IPAC ExtragplacticDatabaséNED). Re-
sponsibilitiesfor work packageshatareto be completedduringor afterthenight of the satellite(exploitation
of resultsetc.) have notyetbeende£ned.

Thetentative scheduleof the mosturgentwork packageshaows thatour teamis actively involvedin all work
in the scalesof 3 months,6 months,andup to oneyear This urgentwork of all membersof WG 6 will be
reviewedin thededicatedVG 6 meetingin Londonin Septembe003.
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2.3.3 Quick DetectionSystem(QDS)

This specialsoftwarewill beusedfor detectingstrong,possiblyaaring,radiosourcesn thetime ordereddata
streamof the Plancksatellitewithin two or threeweeksfrom thetime of the obseration. Thisis essentiafor

follow-up obsenationssincethe actualdataproductof the satellitewill not be availableuntil aftertwo years
after the missionhasstarted,and even the Early ReleaseCompactSourceCatalogug ERCSC)is available
only approximatelyninemonthsafterthe £rstfull sky obserationcycle hasbeencompleted.

Thedevelopmenbf thesystemhasstartedrom boththeoreticabndtechnicalsides.Thetheoreticabroblems
include,for example,de£nitionof the criteriaof whena sourceis interesting(i.e. strong)enoughto trigger
follow-up obsenations,avoidanceof falsealarms,andthe handlingof incoming data. The technicalwork
packagegoncerningthe developmentof the actualsoftwarewere de£nedtogetherwith the Low Frequenyg
Instrument(LFI) DataProcessingentre(DPC)in Trieste,asthis work will be our commoneffort. M. Parvi-
ainenwhoisin chageof thesoftwaredevelopmenthasvisitedthe DPCtwice during2002,andgoodworking
collaboratiorhasbeenestablished.

2.3.4 Scientifcresults

Our dedicatedPlanck-relatedbservingprogrammegalreadyover 300 sourcesobsened) have producedn-
teresting hew resultsconcerningsourcepopulationdike GPSsourcesandBL Lac objects.(See2.2.2"AGN
Science‘for details)

2.4 Obsevationswith Other Facilities

SEST 23.-28.8.“Millimetre Obsenationsof High-Pealked SouthermPAGNs”, P.I. M. Tornikoski, Obsenrers:|.
JussilaM. Lainela.
20.-21.12 *Millimetre to High-Enegy Connectiorin Blazars”,PI. M. Tornikoski,Obserer: A. Léhteenmaki.

VLBA: 11.-12.9.“PKS 0521-365",PI. S. Tingay, Co—I M. Tornikoski

HALCA: 5.-6.2.“Two-epochb GHz obsenationsof PKS0506-612ndPKS0522-610"PIl. P. Edwards,Co—I
M. Tornikoski.

Obsenationswith the VLA: 3 times during the year 2002: A. Brunthaleret al.: “Monitoring the radio-
intermediatequasaPG2209+184”"

Obsenationswith the VLBA network: oneobsenationduringtheyear2002: T.P. Krichbaumetal.: “VLB A
Monitoring of 1633+382duringa major millimeter-care”

2.5 VLBI Observational Activities

ResearclGroup: Kénénen Mujunen,Ritakari

2.5.1 GeodeticVLBI Project

ProjectTeam:Urpo, Ritakari,Mujunen,Kéndnen,Oinaskallio,Paunoner(Geodetidnstitute)

FinnishGeodeticlnstitute's projectto startgeodeticVLBI obsenationsat Metsahei advanced.The supply
of six new BBCs wasreceved from Signatronin April andtestedby the staf of Geodeticlnstitute under
the supervisionof Joulo Ritakari by the endof October Also the constructionof the newv 1.7msecondary
mirror for S/X obsenationswascompletedn October The work wasdoneby FinnishET-Tuote (Juwa, Esa
Takkinen)basednthedesignof TTINorte, Spain. Thenew mirror still lacksanantennaupport.Theordered
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S/X recever arrivedfrom SantandqrSpain,in Decembe(seechapter:Geo-VLBI Recever). Theman-paver
at the Geodeticlnstituteis very limited, the person-in-chage for the projectis the directorof the institute,
Matti Paunonen.The optimisticapproximations thatgeodeticVLBI obserationswill startat Metsahei by
theendof theyear2003.Contactpersorfor this projectis Dr Matti PaunonenFinnishGeodetidnstitute.

2.5.2 Station Hardware/Software

ProjectTeam:Kéndnen

Field SystemUpdates

A new FSversion9.5.3wasinstalledat Metsahei in April. Sincethenseveral updateversionsof FS have
beendistributed.

GPSClock OffsetData

At Metséhaei the stability of the stationfrequeng referencds monitoredagainstseveral clocks. The clock
offset datahasso far beenproducedby VTT ATA clock comparatar The old comparatowill be replaced
by a new oneof Metséhei designby the endof theyear2003. A studentMinttu Koski, from the Helsinki
Polytechnic,'Stadia”, is doing her graduatethesisin Metsahei on the subjectunderthe supervisionof two
Metsahei emplo/eesAri MujunenandErkki Oinaskallio.

Normally the stability performanceof a H-maseris monitoredagainsta Global PositioningSatellite System
(GPS)clock. Thetime differenceis calledGPSclock offset. Since1996EVN hasrequiredthatall its member
instituteslog their daily GPSclock offset datamonthly to a commonFTP archive for the correlatoruse. At
Metséhei the referenceGPS clock is HP58503AGPS clock which is comparedto the stationfrequeng
reference. The clock offsetshave beenmonitoredby using a separateCGl programand the creationand
transferof the GPSclock offsetlogs hasrequiredmanualusageof anold matlabscriptandFTP program.

Dueto two new RussiarKvarz H-masershe old clock offset scriptsneededo be modifed. It wasdecided
thatthe modi£cationwould be donemorethoroughly In orderto synchronizedataformats,shortscriptswere
writtento automaticallyproduceclock offsetlogsin Metsahei dataformatfrom thelog £lesin “clod” format.

This corversionmadethe clock offsetdataavailablefor thecommonMetsahei databrowsing CGl-program,
“MB”. Furthermoredueto a newly built optimizedmasercave andgoodreputationof new H-masersit was
consideredhat the momentwas suitablefor writing a perl scriptto automatizethe creationand transferof

monthlyclock offsetlog £lesto the EVN archive. Thesescriptsareexecutedautomaticallyby using“cron”, a

managementtility for regularbackgroundgrocessing.

A laboratoryreport“Monitoring the GPSclock offset at Metsdhei Radio Obsenatory” will be published
in Metsahei ReportsSeriesHUT-KURP in the beginning of the year2003. It describesiew scriptsmore
thoroughly

New BBCs

The supplyof six new BBCswasreceved from Signatronin April. Metsahei RadioObsenatorytook care
of theirinstallationto the VLBI rack. (PlasticBBC edgeshadto becutin orderto £t the BBCsinto therack.)
The BBC testingwasdoneby Octoberby the GeodeticObsenatory.

New H-MasersandMaserRoom

The constructionof a new isolatedmaseroomwascompletedn January By May it wasfound out thatthe
temperatureontrol systemof the cave hadto berevised. Thelocal constructomwasin chage of therequired
operationsvhich werecompletedoy November

Metsahei receved two new RussianKvarz H-masersn April. Theinstallationtook lessthana week. The
RussiarH-masey Kvarz-69,replacedhe old EFOS-9H-maserasthe stationfrequeny reference.The other
RussianH-masey Kvarz-70,is usedto monitor the performanceof the Kvarz-69and,if necessaryto tuneit
by usingautomatidrequeng control.
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By theyear2002the EFOS-9H-maserfunctionedwith anexternalturbopumponly andin May it was£nally
shutoff.

Recevers
The22 GHz and86 GHz receversarefunctioningasbefore.

The43 GHzreceveris beingrepairedor its brokenRCPHEMT. A new pairof 43 GHz (LCP/RCP)HEMTSs
waspurchasedrom the“YLINEN Electronicd_td.” in SeptemberTheinstallationof thenev HEMTsiis still
pending. In OctoberOlli Koistinen,a former Metsahei RX specialistwho is currentlyworking for Nokia,
tookthe LCP HEMT bondagento examinationonemoretime.

An old 150 GHz SIS recever thatwasborroved for the 2 mm VLBI experimentsrom Pico Veleta,IRAM-
Spain,wasreturnedto PV in December During the second2 mm VLBI experimentin April therehadbeen
moresignsof the RX aging,for example,an externalvacuumpumpanda heliumre£ll every otherdaywere
needed.

Metsahei hasordereda new dual-feed,dual-polarizatiorB0-115/150GHz SIS recever from Nizhny Nov-
gorod. Theexpecteddelivery will bein 2003.Thenew receverwill replacetheold 86 GHz RX.

Recorder

After the 2 mm experimentfeedbackt wasdecidedthatMetsahei will notusethick tapesn thefuture. It is
known thatsomeof therecordertracksarecorrupted.In autumnJoulo RitakariandAri Mujuneninvestigated
therecorderfor £ndingoutif therecordingquality canbeimproved. The headstackwasfoundto beslightly
(app. 20 micrometersput not dangerouslyfapp. 30 micrometers)vorn out. The seconcheadinstallationis
still pending.

Ventilationof VLBA/4 rack

New coolingfanswereinstalledto theBBC rackin April. In Septembethe BBCswereblow-cleanedguiding
walls wereaddedto the BBC rack,andeven moreefEcientcoolingfanswereinstalledto bothBBC andMK
IV formatterracks.

2.5.3 VLBI Sessionsn 2002

ProjectTeam:Kdndnen Mujunen,Ritakari

Thesecond2 mm VLBI experimentwasorganizedin April with PicoVeleta(Spain),SEST(Chile), Heinrich
Hertz TelescopgHHT, Arizona,U.S.) andKitt Peak(KP, Arizona,U.S.). Metsahei usedagain a He-cooled
150GHz SlISrecever, a 150 GHz noisegeneratoanda LCP quarterwave platethatwereall borravedfrom
PV. The 2 mm experimentPI Albert Greve from IRAM-Francevisited Metséhai in 4.4 - 9.4 andDave John
fromPVin 2.4- 9.4for therecever setupandcalibration. The obsenationswereperformedn 18.4- 19.4. At
Metséhei weatherconditionsweremostlygoodduringthethreedaysessiorbut half of theobservingimewas
lost dueto following reasonsa heliumre£ll in the middle of the sessionSIS chambermpressurenstabilities
and RX specifcationshat restrictedantennas maximumelevation to 35 degrees. Almost all scanson the
strongessourcej.e. 3C 279, succeededThe datawerecorrelatedn Bonn. Transcontinentairingesof two
sourceq1633+382and3C 279) weredetectedn consecutie dayswith SNR 20-750n baselinetHHT-KP-
PV. Two othersourceq3C 345 andNRAO 150) causeda fringe detectionwith SNR 7 on the transatlantic
baselineHHT-PV on a singleday. Onthe baselineMetsahwi-PV only the source3C 279 wasdetectedwith
SNR 7. Wealer sourcesvereundetectableln 20012 mm experimentboth3C 279and3C 273weredetected
on the baselineMetsahei -PV on eachobservingday with SNR 10. The major reasondor the degraded
performancef Metséhei werebadrecordetheadtrackscombinedwith thick taperecordingin barrelrolling
mode.As muchas75 % of therecordeddatawaslost. The £nalresultsfrom the experimentarestill pending.

CMVA organizedtwo observingsessiongn 2002,onein April andanothemnein October Metsahei did not
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participatein eitheronedueto thelimited staEng.

Figure13: The fringesof the masersourceW3OH werefound at the Kashima-Metsahd e-VLBI 1 Gbit/s
22 GHz experiment(the baselinevasabout8500kilometers).

In OctoberMetsahei performeda successfull Gbit/s e-VLBI experimentat 22 GHz togetherwith the
Japanes&ashima34m telescope.This wasthe £rst successfutranscontinental Gbit/s VLBI experiment
ever. Although weatherwasnot optimal at eitherone of the stations,the experimentwent smoothly Both
Metsahwi andKashimauseddirectIF sampling.The IF bandfrom 0 to 500 MHz wassampledwith the CRL

/ Digitallink Itd. ADS-1000samplersait 1G (1024M)samples/sate. The Kashimateamrecordedhedatawith

the CRL PC-VSldisk-basedecorderequippedwvith PC-VSI2000-DIMdataacquisitionboardworking at 1G
(1024M) bit/s speed.At Metséhei the datawasrecordedwith the VSIB system.Datawasstoredin normal
Linux £lesthatweretransferredo Japarwith normalnetworking tools. Datawascorrelatedn Kashimawith

a high-speedoftwarecorrelator No datacorversionswereneededsincethe £lescontainedaw samplerdata
startingat the hydrogenmaserlPPSmarler. Fringeswerefoundin exactly the placepredictedby the GPS-
hydrogenmaserlPPStime difference.

EVN only organizedoneVLBI sessiorat22 GHzin 2002. Thiswasheldin November Metsahei participated
in the sessionalthoughthe weatherconditionswerenot favourable it wassnaoving mostof thetime. Despite
this, fringeswerefoundin the Network Monitoring experimentNO2K1. The playbackdataquality in tracks
23-33is next to unusable.

In NovemberMetsahei and Jodrell Bank madea joined effort for an Europeanl Gbit/s VLBI experiment
using VSIB card systems.Unfortunatelythe experimentfailed dueto problemsin the LO of JodrellBank
22 GHzrecever.

2.6 Solar Reseach

Researclisroupat Metsahei: Urpo, Koistinen,Puhakka
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2.6.1 Solar Obsewning Campaigns

ProjectTeam:Urpo, PuhakkaHurtta

Solar obsenations continuedat Metsahei in 2002. Recever working at 37 GHz was used. Number of
observingdayswas44. More than100 solarradiationmapswere measurecndactive regionsweretracked
for morethan 200 hoursin orderto detectenegy burst and releasest radio waves. 47 main eventswere
detected Analysisof measurediatacontinuedn internationakcooperation.
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Figure14: Solarmapmeasurean August14,2002,frequeny = 37 GHz.

2.6.2 Solar Data Analysis

ProjectTeam:Urpo, Puhakka

Metséahei solardataanalysiscontinuedn internationalcooperatiorwith Russia.Solarburstsmeasuredvith
the Metséhei maintelescopavasanalysedisingWignerVille method. Simultaneoudurstsmeasuredvith
themaintelescopandl.8 m “spaceweatheitelescopeiverecomparedMetsahei solarmapswereanalysed
usingimproved IDL-programs.

2.6.3 SpaceWeather Observation at 11:7GHz

ProjectTeam:Urpo, PuhakkaQinaskallio

Sunantennas dedicatedor continuoussolarobsenationswhile the main telescopecould be usedfor that
purposeonly few weeksannually Operationof the instrumentstartedin August2000. Radio&entsstarting
from few SolarFlux Units up to approximately400SFU canbe recorded.Logarithmic channebill increase
thedynamicalrangefrom thatessentiallyAll togetherover 200eventsduring2002wereobsenedandfew of
themsimultaneouslyvith 37GHz recever of themaintelescope.
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Figure 15: Seriesof solar microwave eventson August 14, 2002, frequeny 37 GHz. Optical careswere
reportedat09.04UT and09.12UT
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torate,InternationalLBI Operations23—-25.9.2002

Dr. Igor Zinchenlo, RussiamrAcademyof Science|nstituteof Applied Physics,Ven&ji6.—9.10.2002.

6 Thesis

Mastersthesis:
Jussilallona: Extragalacticinverted-spectrumadiosources.

Masters thesisat Helsinki University:
PuhakkapPekka:Kokonaistehoradiometdauringonmikroaaltosateilyriutkimuksessa.

Thesisfor the degreeof Doctorof Technology:
Wiik, Kaj: VLBI andtotal aux densityinvestigationsof the structureof active galacticnuclei.

7 Teaching

Supervisoffor llona Jussilas MasterThesis M. Tornikoski.

Supervisoffor PekkaPuhakkas MasterThesis,S. Urpo
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Basiccourseon “Radio Astronomy”atHUT, S.Urpo
Visiting lecturerto the coursé‘Radio Astronomy”atHUT, M. Tornikoski.

Assistanto the course'Radio Astronomy”atHUT, . Jussila.

8 Other Activities

Evaluationof Dr. RamiVainio's scientiEcwork for a docenturgTurku University),M. Tornikoski.
Evaluationof Dr. TaunoTurunenfor professorshigior University of Oulu, S. Urpo.
SolarPhysics,referee S. Urpo.

Hvar ObsenratoryBulletin, Boardof Editors,S. Urpo

8.1 Participation in Boardsand Committees

AAS, AmericanAstronomicalSociety memberS. Urpo

EAS, EuropearAstronomicalSociety foundingmembelS. Urpo.

IAG, InternationalAssociationof GeodesyassociatenemberS. Urpo.

AMS, TekesGuiding Group,memberS. Urpo.

Planck,TekesSteeringGroup,membeyS. Urpo.

COSRAR, Committeeon SpaceResearchi-innishNational Committeemembey S. Urpo.
COSRAR, CommissiorE2, SolarPhysics,memberS. Urpo.

ESA, EuropearSpaceAgeng/, SPCScienceProgrammeCommittee membelS. Urpo.

EVN, EuropearVLBI Network Boardof Directors,memberS. Urpo.

IAU, FinnishNationalCommittee memberS.Urpo.
RISC,RadioastrorinternationalScienceCommittee memberS. Urpo.

TuorlaObsenatory, memberof theBoardS. Urpo.

URSI, Union of RadioSciencdnternationaFinnishNational Committee yice memberS. Urpo.
Working Groupfor Finnish-Russiai€ooperationin SpaceField, memberS. Urpo.

Memberof the steeringcommitteeof the ANTARES SpaceResearchProgramM. Tornikoski.
URSI ComissionJ (Radioastronomy)elegate,M. Tornikoski.

Metsahei Coordinatorof the EC Researchiraining Network “QuasarVariability”, M. Tornikoski.

FinnishAstronomicalSociety BoardmembeyM. Tornikoski.
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8.2 International Meetingsand Talks

Talk“A VSI-H CompatibleRecordingSystentfor VLBI ande-VLBI”, SecondVS GeneraMeeting,Tsukuba,
Japan4.—7.2.2002J. Ritakari.

Gamma-ra)AGNs+ Planckforegroundsciencecollaborationwork with A. LahteenmakiHarringworth, Eng-
land,18.-24.2.2002\M. Tornikoski.

PlanningMeetingof 2 mmVLBI, 28.—30.2.20028onn,Germay, S. Urpo.

Talks“A simplesoftwarearchitectureandproposediataformatsfor e-VLBI” and“The EVN Gbit/se-VLBI
DataAcquisitionandPlaybackSystem”,e-VLBI Workshop“Connectingthe Global VLBI Array in the New
Eraof High-SpeedNetworks”, MIT, Haystack USA, 6.—10.4.2002). Ritakari,A. Mujunen.

Talk “AGN radio monitoring at the Metséhei and Michigan obsenatories”, 23.24.5.2002Milan, Italy, H.
Terasranta.

Talk “Radio spectraandvariability of EGRETblazars"in the High-enegy blazarastronomymeeting heldin
Turku, Finland17.-21.6.2002MM. Tornikoski.

Poster‘The radio eventsduring the strongesgammaouthurstsin Blazars”,inthe High-enegy blazarastron-
omy meetingheldin Turku, Finland17.-21.6.2002H. Terésranta.

Poster‘Quasi-periodicactiity in Blazar0059+581",inthe High-enegy blazarastronomymeeting,held in
Turku, Finland17.-21.6.2002H. Terasranta.

Poster“Simulationson the effect of internal structureof shockfronts on particle acceleration’in the High-
enegy blazarastronomymeeting heldin Turku, Finland17.-21.6.2002). Virtanen,R. Vainio.

Talk “Inverse Comptonmodeling of AGNs”,in the High-enegy blazarastronomymeetingheld in Turku,
Finland17.—21.6.2002A. Lahteenmaki.

RISC,RadioastrorinternationalScienceCommittee 24.—28.9.2002participationandchairmanof a session,
S.Urpo.

ESF- Committeeon RadioAstronomicFrequeny, Cagliari, Italy, 9.—13.10.2002]. Ritakari.

PlanckLFI consortiummeetingSantanderSpain12.-17.10. A. LahteenmékiM. Tornikoski, M. Parviainen.
Talk “Review of the Work Group6.1 actiities”, A. Lahteenmaki.

PlanckWork Group6 Kick-off Meeting,Paris,France25.-26.11.2002A. Lahteenmaki

Poster“Multifrequengy monitoringof 3C 120,3C 279,and PKS 1510-089”,Frascati,ltaly, 10.-11.12.2001,
H. Terasranta.

Poster‘Millimeter bandobsenationsof a large sampleof NorthernspectrumBlazars”, Frascati,Italy, 10.-
11.12.2001H. Terasranta.

Poster‘The relationshipbetweenX-Raysandrelatiistic jets”, Frascatijtaly, 10.-11.12.2001H. Terasranta.

8.3 National Meetingsand Talks

FMI/GEOQ, PlanningMeetingfor the CooperatiorGroupfor SpaceResearchnstitute,Helsinki, 23.1.2002S.
uUrpo.

Resource&Committeeof the Helsinki University of TechnologyEsp00,6.3.2002 S. Urpo.
Academyof Finland,ESOSeminayHelsinki, 31.5.2002S. Urpo, M. Tornikoski.

Metsahei SpringTrainingMeeting,3.—5.6.20025tockholm SwedenP. Iso-Markku, 1. JussilaS. Hurtta,A.
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Mujunen,Nieminen,J.,E. Oinaskallio,M. Parviainen,P. Puhakka,). Ritakari,S. Urpo.
Metsdhei RadioObsenatory Advisory Committee Metsdhwi, 10.6.20025.Urpo.

Working Groupfor Finnish-RussiaiCooperatiorin SpaceField, Helsinki, 11.6.2002S. Urpo.
FinnishSpaceCommittee Strategy Meeting,Helsinki, 22.8.2002 5. Urpo.
Tekes,PlanckSteeringGroup,Esp00,20.9.2002S. Urpo.

URSV/IEEE XXVII Corventionon Radio Science,Espool17.—18.10.2002participationand chairmanof a
sessionS. Urpo.

PostelURSI/IEEEXXVIlI Corventionon RadioScienceEspool7.—18.10.2002A. Mujunen.

URSI/IEEEXXVII CorventiononRadioScienceEspool7.—18.10.2002\1. Tornikoski, . JussilaM. Parvi-
ainen.

Academyof Finland,Coordinationof ScienceMeeting,Helsinki, 23.10.2002S. Urpo.

Talk “Solar Monitoring at 11.7 GHz for SpaceWeatherApplications”, The IX Meetingof FinnishNational
COSMR heldin Oulu, Finland,30.10.—1.11.200%. Urpo.

Antaresfall seminar2002,0ulu 31.10.2002S. Urpo.

Talk “Radio obsenationsasatool for understandingamma-rayemissionin Active GalacticNuclei”, ThelX
Meetingof FinnishNational COSRAR heldin Oulu, Finland,30.10.—1.11.2002\. Tornikoski.

Talk “Inverted-spectrumadio sourcesand Planckforegroundscience”, The IX Meetingof FinnishNational
COSRR heldin Oulu, Finland30.10-1.11.2002, Jussila.

Talk “Quick pointsourceextractionfrom Plancksatellitedata”, ThelX Meetingof FinnishNational COSRAR
heldin Oulu, Finland30.10.—1.11.20021. Parviainen.

GraduateSchoolof AstronomyandSpaceResearchSteeringGroupMeeting,Oulu, 22.11.2002S. Urpo.

Tekes,PlanckSteeringGroup,Esp00,26.11.2002S. Urpo.

8.4 Participation in summerschools

Missionconceptandpayloaddesignin X- andgammarayastronomylinternationalAdvancedSchoolLeonardi
daVinci, Italy, 30.6.-13.7.2002. Jussila.

8.5 Public Relations

RadiomaEgressiklubi4.10.,M. Tornikoski wasintervievedaboutradioastronomy

Lectureto the amateurastronomyclub LohjanUrsa4.4. andto the amateurastronomyclub Kirkkonummen
Komeettal8.12,M. Tornikoski.

TV interview by ATV channeltMetsahei, 19.12.2002S. Urpo, A. Mujunen,E. Oinaskallio.

GeneralMetsahei toursandshorttalks aboutradio astronomicatesearcho mary visiting groups,P. Kono-
nen,H. TerésrantalM. Tornikoski, S. Urpo.
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9 Personnelin 2002

Permanent Positionsfunded by the Helsinki University of Technology

Urpo, Seppo Prof.,Dr.Tech.
Hurtta, Solveig, Ms.
Oinaskallio,Erkki, Mr.
Peltonen,Juhani,Dr.Tech.

Director, Docent

Secretary

Technician
Laboratoryengineerparttime

ScientiEcand Technical Staff Funded by Reseach Contracts

Hakala,Tero,student
Iso-Markku,Pentti,student
JussilaJlona, student
Koistinen,Olli, Lic.Tech.
Koski, Minttu, student
Kononen,Prisse student
Liljestrém, Tarja, Dr.Phil.
LahteenméakiAnne,Dr.Tech.
Mujunen,Ari, Dipl.Eng.

Nieminen,Jussistudent
ParviainenMikk o, student,
PuhakkaPekkastudent
Ritakari,Joulo, Dipl.Eng.
Ronnbeg, Henry, Mr.
SalorantaPia-Maria,student,
Sjoman,PekkaDipl.Eng
TerasrantaHarri, Dr.Tech.
Tornikoski, Merja, Dr.Tech.

Virtanen,Joni,student
Wiik, Kaj, Dipl.Eng.

Metsahovi Advisory Committee

Juuti, Pauli, M.Sc. (Eng)
Pellinen,Risto, Prof.
SomervuoPekka,Dr.Tech.
TanskanenPekka,Prof.

Researchaid, 1.6.—31.8.2002
Researclaid, 19.2.—-18.9.2002
Researcher

Researcheuntil 30.9.2002parttime
Researchaid, parttime, from 26.8.2002
Researclaid

Researcheparttime

Researcher

Researcher

Laboratoryengineeffrom 1.10.2002
Systemsadministrationfrom 20.2.2002
Researclaid

Researchaid, until 13.10.2002
Researcher

Mechanic

Researclaid, 1.6.—-31.8.2002
Researcheparttime

Researcher
AcademyResearclirellow,
Academyof Finland,ResearctCouncil
for NaturalScienceandEngineeering
Docentof spacetechnologyand
radioastronomy

researctaid, 1.5.-31.7.2002
Graduatestudent

Seppo.Urpo@hut.£
Solweig.Hurtta@hut.£
Erkki.Oinaskallio@hut.£
jussi@kurp.hut.£

th@kurp.hut.£

ilo@kurp.hut.£
Olli.K oistinen@hut.£

prisse@kurp.hut.£
Tarja.Liljestrom@hut.£
alien@kurp.hut.£

Ari.Mujunen@hut.£
Jussi.Nieminen@hut.£
pare@kurp.hut.£
pvspuhak@kurp.hut.£
jr@kurp.hut.£

pia@kurp.hut.£

psj@kurp.hut.£
hte@kurp.hut.£

Merja.Tornikoski@hut.£

Kaj.Wiik@iki.£

Tiuri, Martti, Prof.emer, M.P. (Chair)

ValtonenMauri, Prof.

Urpo, Seppo Prof. (Secretary)
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METSAHOVI PUBLICATIONS ON RADIO SCIENCE

HUT-MET-27

HUT-MET-28

HUT-MET-29

HUT-MET-30

HUT-MET-31

HUT-MET-32

HUT-MET-33

HUT-MET-34

HUT-MET-35

HUT-MET-36

HUT-MET-37

HUT-MET-38

HUT-MET-39

HUT-MET-40

HUT-MET-41

HUT-MET-42

HUT-MET-43

HUT-MET-44

Silja Pohjolainened.): CESRAWorkshopon CoronalExplosive Events.1998.

AnneLahteenmakiEslo Valtaoja: Total sux densityvariationsin extragalacticradiosources.
IIl. Dopplerboostingfactors,Lorentzfactorsandviewing anglesfor active galacticnuclei. 1999.

V.V. Zaitses, S. Urpo, A.V. Stepane: Dynamicsof enegy releasen singlecareloop. 1999.

V.V. Zaitses, S. Urpo, A.V. Stepane: Radiationsignature®f solarenegy releaseat
mm-wavelengths: Advancedcircuit model. 1999.

AnneLahteenmakiTotal aux densityvariationsextragalacticradio sourcesobsenations
andanalysis.1999.

V.V. Zaitses, A.G. Kislyakov, S.Urpo, A.V. Stepang, E.I. Shkelev: TheWignerVille Analysisof
SolarMicrowave Emission,2000.

P. SjomanN.J.Hughes:PlanckTechnology70 GHz DemonstratoffestReport.2001.

T. Liljestrom, C.R.Gwinn: WaterMasersProbingMagneticPressur@ndAlfvénic Turbulencein
WA49N. 2001.

T. Liljestrém: RadioSpectroscopiStudieson CosmicWaterMasers.2001.

V.V. Zaitse/, A.G. Kislyakov, S.Urpo, A.V. Stepang, E.|. Shkelev: Low-Frequeng Modulationsin
SolarMillimeter Wave Bursts.2001.

F.T. Rantalro, K. Wiik, M. Tornikoski, E. Valtaoja,L.B. Baath:Multifrequeng Interferometeand
RadioContinuumMonitoring Obsenationsof CTA 102.2002.

T. Savolainen K. Wiik, E. Valtaoja,S.G.JorstadA.P. Marscher:Connection8etweenMillimeter
ContinuumVariationsandVLBI Structurein 27 AGN. 2002.

A. Greve,P. KondnenD.A. GrahamK. Wiik, T.P. Krichbaum,J. Conway, F. Rantakyrd, S.Urpo,
M. Grewing, R.S.Booth,D. John,S. Navarro,A. Mujunen,J. Ritakari,J. PeltonenP. Sjéman,

M. Berton: 147 GHz VLBI obsenations:Detectionof Fringesonthe 3 100km Baseline
Metsahwi - PicoVeleta.2002.

PekkaPuhakkaMetsahein Radiotutkimusasemaaurinkoantennirsuuntausvirheitd2002.
PekkaPuhakkaGainmeasurementsf a total powver radiometer2002.

Kaj Wiik: VLBI andtotal aux densityinvestigationsof the structureof active galacticnuclei. 2002.

PekkaSjoman:Planck70 GHz LFI, elegantbreadboardsEM/BEM recevers.2002.

Zaitsey, V.V, Kislyakov, A.G., Urpo, S.,Stepang, A.V., Shkeley, E.I.: Solarmillimeter wave bursts:
time-frequenyg analysis.2003.

METSAHOVI REPOR'S

HUT-KURP-13 Silja Pohjolainen(ed.): Metsahei RadioObsenatory AnnualReport1997.1998.

HUT-KURP-14 Ari Mujunen,Mika PerttulaJJanEngelbeg: UsingCVS at Metsahei. 1998.

HUT-KURP-15 S.Urpo,A. Mujunen(eds.):Metséhei RadioObsenatory, AnnualReport1998.1999.

HUT-KURP-16 J.Engelbeg, A. Mujunen,E. Oinaskallio:RadioSpectrumMonitoring System- spektrd.2000.



HUT-KURP-17 EsaVilenius,PrisseKondnen:Calibrationof the “GroWeather'weatherstationsat Metséhei. 2000.
HUT-KURP-18 PrisseKéndnen:*“Weather@Metsai’ —weathemonitoringsystemat Metsahei. 2000.
HUT-KURP-19 S.Urpo,A. Mujunen(eds.):Metséhei RadioObsenatory, AnnualReport1999.2000.
HUT-KURP-20 J.Engelbeg, A. Mujunen: EFOSMonitoring System- efosd.2000.

HUT-KURP-21 P. Kéndnen:“Efos9@Metsaha” — Efos9 HydrogenMaserMonitoring Systemat Metséhai. 2000.
HUT-KURP-22 S.Urpo,A. Mujunen(eds.):Metséhei RadioObsenatory, AnnualReport2000.2001.
HUT-KURP-23 S.Urpo,A. Mujunen(eds.):Metsdhei RadioObseratory, AnnualReport2001.2002.
HUT-KURP-24 S.Urpo: AurinkomittausohjeeMetsdheissa2002.2002.

HUT-KURP-25 P. PuhakkaAurinkoantennirradiopurkaustekalibrointiohjeet.2002.

HUT-KURP-26 S.Urpo,A. Mujunen(eds.):Metsdhei RadioObseratory, AnnualReport2002.2003.
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