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1 Intr oduction

TheMetsähovi RadioObservatory, aseparateresearchinstituteat theHelsinkiUniversityof Technologysince
May 1988, operatesa 14 m diameterradio telescopeat Metsähovi, Kylmälä, about35 km west from the
universitycampus.Theinstitutealsohaspremisesin theElectricalEngineeringFacultybuilding, Otakaari5,
Espoo.Themainusersof thestationaretheHelsinki University of Technology, theUniversity of Helsinki,
andtheUniversityof Turku. In thesamearea,nearMetsähovi RadioObservatory, therearealsothebuildings
of theMetsähovi Observatory(Universityof Helsinki; opticalastronomy)andtheMetsähovi SpaceGeodetic
Station(GeodeticInstitute;geodesy).

TheMetsähovi RadioObservatoryhasbeenoperationalsince1974.Theupgradingof thetelescopewasdone
during 1991¡ 1994. The radomewasreplacedwith a new oneandnew surfacepanelswereinstalled. The
surfaceaccuracy of thepresenttelescopeis 0.1mm (rms). Theold analogservo systemof thetelescopewas
replacedby a new digital servo systemin 1998¡ 1999.Planningof new observingprogrammeswasstartedin
1999.

TheMetsähovi RadioObservatoryis active in thefollowing £elds:

² Researchin radioastronomy,

² Developmentof instrumentsneededin radioastronomy,

² Developmentof methodsfor radioastronomicalmeasurements,

² Spaceresearch,and

² Education.

The activities at Metsähovi are concentratedon millimeter waves and microwaves. The usedfrequencies
are2 ¢¢¢150 GHz, andthe correspondingwavelengths150 ¢¢¢2 mm. The researchin technologyincludes
developmentof microwave receivers, developmentof receiving methods,developmentof dataprocessing
and developmentof antennatechnology. The objectsof radio astronomicalresearchare: solar millimeter
andmicrowave radiation,variablequasars,active galaxies,molecularline radiation,andvery long baseline
interferometry(VLBI). Metsähovi participatesin the educationat the Helsinki University of Technologyby
organizingcoursesandexercisesfor students,andgraduatestudentscanstudyfor a licentiate's or doctor's
degreeatMetsähovi.

Around15 scientists,engineers,or researchassistants,andsupportpersonnelfrom theHelsinki Universityof
Technologywork at theinstitute.In additionabout10 studentsdid radioastronomicalobservationsunderthe
guidanceof Metsähovi staff. Five of the employeesarepaid by the Helsinki University of Technology, and
theothersareemployedby researchprojects£nancedmainly by theAcademyof Finland.Theotherusersof
theMetsähovi telescopearetheradioastronomygroupat theUniversityof Helsinki,andtheradioastronomy
groupat theUniversityof Turku.

In 2003thetotalexpenditureof theMetsähovi RadioObservatorywasabout700000euros,includingsalaries.
Thiswas£nancedby:

HelsinkiUniversityof Technology72%
Academyof Finland24%
Others4 %

1



2 Research Activities

In this chapterthe main researchactivities at Metsähovi areintroduced.Someof the projectteamsinclude
alsoscientistsworking at otherinstitutes.Thecontactpersonat Metsähovi is underlinedin eachprojectteam
list.

2.1 Radio Astronomical Instrumentation

ResearchGroupatMetsähovi: Urpo, Peltonen,Mujunen,Oinaskallio,Ritakari,Rönnberg, Sjöman

2.1.1 Planck 70GHz Receiver

ProjectTeam:Sjöman, Peltonen,Rönnberg

During year2003Metsähovi wasinvolved in thePlanck70 GHz receiver building andmeasurements.Met-
sähovi contribution wasaboutoneman-yearfor thework. ThePlancksatellite70 GHz ElegantBreadBoard
(EBB) receiver, Figure1aand1b,was£nalizedat thebeginningof theyear2003.Thereceiver passedalmost
all requirements.The only point wheremorework is still neededwaspower consumption.That work was
decidedto bemadewith theEM-receiversbecauseof lackof theLNA andphaseswitchMMIC chips.

a) b)

Figure1: a)EBB-receiver FrontEndModule(FEM) b) Theexplodedview of theFEM.

Thetestsystemwasupdatedfor theEM-receiver test,wheretwo full receivers(4xEBB)weremountedinside
the cryochamber. Also datacollectionsystemandall otherexternalelectronicswereupdatedfor the EM-
receivers.

The EM-receiver testswere almost£nishedat the end of the 2003 and it seemspromising. The average
noisetemperaturewasabout30K over the63-77GHz operationbandwidth,1/f-kneefrequency waslessthan
50 MHz and the power consumptionproblemswith the EBB were solved and the power was also within
requirements.For theoneFEM (8xLNAs, 4xphaseswitches)thepower consumptionwasabout20 mW at 20
K physicaltemperature.
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Figure2: EM-receiver testsystemwith opencryochamber.

2.1.2 3 and 2 mm SISReceivers

Projectteam:Peltonen, Mujunen,Oinaskallio,Urpo

Thecompletelynew mm-wave receiver for 3 and2 mm wavelengthsdesignedat Instituteof AppliedPhysics,
RussianAcademyof Sciences,Nizhny Novgorod,Russiawasdeliveredto Metsähovi in May 2003. This is
the£rstSISmixer receiverwith closedcycleheliumcoolingsystemin Metsähovi RadioObservatory. During
theyear2003IAP personnelmadethreecampaignsto Finlandin orderto make thereceiver operational.

This very complex receiver consistsof a vacuumdewar, quasiopticalsystemin front of thedewar windows,
two phase-lockedLO sourcesfor bothbands,IF processingunit andremotecontrolsystemfor thetuningof
thereceiver. Insidethevacuumdewar threeSISmixersareinstalled,two for 3 mm(84-115.5GHz,possibility
for simultaneouscirculardual-polarizationmeasurements)andonefor 2 mm(129-175GHz). Thesearetuned
by noncontactingbackshortswith theremotecontrolunit. Dependingon thebackshortpositioneitherDSB-
or SSB-operationcanbeachieved,thelatterbeingdesirablefor VLBI-observations.SISmixer mountsinside
the dewar arecooleddown to 4.5 K with a helium closedcycle refrigeratorRDK-415E(SumitomoHeavy
Industries,Tokyo, Japan).CryogenicHEMT IF ampli£erswith centerfrequency of 4 GHz andbandwidthof
1 GHz togetherwith compatiblecryogenicisolatorsarealsoplacedinsidethedewar.

Thelocaloscillatorsourcefor the3 mmbandis anInPGunn-oscillatormanufacturedby RadiometerPhysics,
Meckenheim,Germany. The tuning rangeof this oscillatoris from 80 to 115GHz with minimumoutputof
6 mW. During the preliminarytestsonediodefailed probablydueto biasoscillationscausedby the power
supply. TheGunnmountwassentbackto Germany to berepairedandafter replacementof a new diodethe
LO sourcehasoperatedsinceproperly. For phaselocking the Rohde& Schwarz synthesizeris usedwith a
harmonicmixer to createthePLL IF signalat275MHz. Thismixing productis dividedby 11andthe5 MHz
frequency standardis multiplied by 5 in orderto make thephasecomparisonat 25 MHz. For 2 mm bandthe
basicLO sourceis a widebandtunableBWO with a high voltagepower supply. Thephaselocking schemeis
otherwisequitethesameasdescribedabove.

The completereceiver systemwaslifted up to the antenna(shown in Figure3) to test that it will mechani-
cally £t into theantennaring with complicatedquasiopticalfeedsystem(Dicke chopper, etc.) in front of the
receiver. Many partsof thereceiver arealreadyoperational,however the IF processingunit still needssome
improvementsbefore£naloperationaltestscanbecarriedout.
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Figure3: Pictureof the3/2mmSISreceiver on theantenna.

2.1.3 Geo-VLBI Receiver

Projectteam:Peltonen, Mujunen,Oinaskallio,Rönnberg

The largesubre¤ectorwith diameterof 1.7 m neededfor the low frequency (centerfrequencies8.4 and2.28
GHz ) Geo-VLBI receiver wasdesignedat GeodeticObservatory by M. Paunonen.The dish with a hyper-
boloidal shapewasmanufacturedfrom carbon£berandsilver platedat ET-TuoteOy, 51980Lauteala(Esa
Takkinen)anddeliveredto Metsähovi in 2003.Thesupportstructurefor thissubre¤ectorhasbeenconstructed
in our workshop. The dimensionsfor the feed systemwere originally given in the operationmanualpre-
paredby TTI (TecnologíasdeTelecomunicacionesy dela Información,Santander, Spain)personnelandsome
correctionsgivenby theGeodeticObservatory. The£nalfocalisationsystemis shown in Figure4.

Thenew subre¤ectorisplacedin frontof theoriginalone,thereforesimultaneousobservationswith millimetric
receiversarenotpossible.Thearrangementis shown in Figure5.

The£rstoperationalcheckof thereceiverwasdonesuccessfullyfor theX-bandchannel.At roomtemperature
the noisetemperatureis around180 K andat cryogenictemperatures(T amb= 13.6K) 94 K, respectively.
The S-bandsensitivity cannotbe measureddueto the large coaxialantennastructurewhich would needan
extremelylargenitrogenload for theY-factormeasurement.Thenoisetemperaturefor S-bandgivenby the
TTI manualat cryogenictemperaturesis 102K.

2.1.4 Maintenanceand Upgradesof Receivers

Projectteam:Peltonen, Oinaskallio

In 2003 both the 22 GHz Dicke-switchedcontinuumand the 22 GHz cryogenicVLBI receivers operated
without any failure. Heavy thunderstormsduringthesummercausedfor the37 GHz receiver a failure in the
remotecontrol system.Thewaveguideswitchwhich selectsbetweencontinuumor Sunobservationshadto
beswitchedmanuallyin theantennatower. Theswitchdriver unit hasbeensincerepairedsuccessfully, thus
theremotecontrolis againoperational.

Ylinen Electronicsdeliveredtwo new LNA's for the dual channel43 GHz VLBI receiver. Theseampli£ers
(basedon theMMIC techniques)wereinstalledin thereceiver to replacetheold defectiveones.Themechan-
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Figure4: Focalisationsystemof thegeodeticVLBI receiver.

Figure5: Pictureof thesubre¤ectorwith thesupportingstructure.

ical dimensionsandconnectorsarethesamefor old andnew ampli£ers,thusthereplacementwaseasilydone.
Fromthecomplex powersupplyunit theold biascircuitry wasremovedandthenew oneinstalledin aposition
to allow easyadjustmentof theoptimumbiaspoints. Theconnectingcablebetweenthenew biasboardand
thedewar is still neededbeforeoperationaltestsof thereceiver arepossible.

2.1.5 IT Infrastructur e

ProjectTeam:Mujunen, T. Lindfors
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Metsähovi computingfacilities arebasedon networked Linux computers.A coresetof Linux serversoffer
general-purposeandobservationaldatastorage.Anothersetof dedicatedLinux controlcomputersmanagethe
telescope,dataacquisition,andauxiliaryservicessuchasGPSreceiversandweatherstations.Finally, a larger
setof Linux workstationsrunningtheX Window Systemprovideaccessto Metsähovi personnel.

Apart from the centralservers,the installedbaseof general-purposeworkstationsis ageingrapidly with the
meanageof morethan5 years.Thishasto beaddressedin thenearfuture.After severethunderstormdamage
in July 2003, the local areanetworking equipmentis, on the otherhand,suf£ciently advanced,featuringa
gigabit Ethernet£ber-optic backboneandfour 24-port10/100megabit port wire-speedswitches.Two Allied
Telesynswitcheswereacquiredto allow for the lengthy repairprocessof the existing two Hewlett-Packard
switches. In addition to these,the experimentalfour-PC VSIB VLBI disk-acquisition“tower” (seesection
2.1.9)featuresits internal8-portgigabit switch. Thenew Allied Telesynswitchesallow easyserver connec-
tivity with their extra copper-basedgigabit Ethernetports,and this is plannedfor the central“ /home ” and
“ /data ” NFSservers.Thisequipmentcanbeseenin Figure6.

Figure6: The8-portEdimaxgigabitswitchtogetherwith anAllied Telesyn24-port100Mbit switchwith two
gigabit ports.

Theobservatorysite is connectedto theInternetusinga 2 Mbit/s dedicatedleasedline to universitycomput-
ing centerandto the FinnishUniversity Network, FUNET. It hasbeenrealizedusingageingleasedcopper-
line technology, and a more cost-effective way to achieve such low bit rateswould be to usevirtualized
commercially-availableADSL connections.However, the emerging eVLBI datatransfertests(seesection
2.1.9)would necessitatea signi£cantlyfaster1–2 gigabit link to the FUNET backbone.Initial requestfor
a quotationwassentto several serviceproviders,andindeedsolutionsaregenerallyavailable,including the
preferablesolutionof leaseddark£bergiving accessto multi-gigabit bandwidthswith COTS low-costequip-
ment. Thecostsassociatedwith suchleased£berarestill relatively high andtheapplicationfor fundsat the
universitywassubsequentlyrejected.

Both the “ /home ” and“ /data ” NFSserverswith AMD Athlon 1GHz-classprocessors,512MB of memory,
and Linux RAID0 75GB IDE disk subsystemsare running at their capacityand an immediateupgradeto
250GBfor bothis plannedin 2004.The“ /home ” RAID0 pairof 40GBdisksfailedin August2003andit was
replacedwith asingle80GBdisk,resultingin nonoticeableperformancedegradation.Thusthefuture250GB
is plannedwith no RAID setupfor simplicity. The existing setupof an equalamountof non-RAIDedIDE
backupstoragefor both “ /home ” and“ /data ” areaswill be supplementedwith an off-site “ rsync ” remote
backupserver with a perpetualdaily snapshotcapability. This kind of triple redundancy will eliminatethe
needfor DAT tape-basedbackupswhich have proved to be impossibleto make without an automatedtape
switcher.
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IDL remainsat version5.4 on “kurp.hut.fi ” (2 ¤oatinglicenses)and the maintenancecontracton two
Linux computersdedicatedto solarresearchwasdropped.Matlabwith sharedlicensesupportfrom university
computingcenteralsoremainsat version6.0on “kurp.hut.fi ”.

For electronicsdevelopment,PADS (Mentor)PowerLogicandPowerPCB5.1wereused,togetherwith Xilinx
Foundationv2.1i VHDL tools for FPGA development. For future FPGA projects,an upgradeto the latest
Xilinx ISEVHDL environmentis planned.

2.1.6 NewHydr ogenMasers

ProjectTeam:Oinaskallio, Mujunen

Despiteextensive isolation efforts the main stationtiming maser, Kvarz69was severely damagedin thun-
derstormsin July 2003. Luckily thebackupmaserKvarz70allowedus to continueoperationsandtheman-
ufacturerof masersto performmaintenanceand re-tuningof Kvarz69. Normal operationwas resumedin
approximatelyonemonth.

Theperformancecharacteristicsof KvarzCH1-75maserssurpassthoseof ourpreviousEFOS-9signi£cantly,
asseenin Figure7. After tuning thedrift rateremainslinearandsmall for weeksif not monthsandit does
not follow the previously commonparabolic“ageing” pattern. The control electronicsis robust andallows
“hot-swapping”of mostboardswithoutdisturbingthenormaloperationof themaser.
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Figure7: The comparisonof Kvarz69CH1-75H maserandHP GPSreceiver 1ppspulsesshows minimal
linearlong-termdrift.

The air conditioningof the new masercellar reamineda problemthroughoutthe year. Despitea multitude
of experiments,thevendorof theair conditioningsystemwasunableto achieve temperaturestability within
§ 1±C asspeci£edin the contract. At the endof the yearthe automationsupplierSiemens£nally found an
experiencedcon£gurerfor theirPID controllersandstabilitywithin § 0.5±C waseasilyachieved.Temperature
spikesassociatedwith on-off transitionsof thede-humidifyingsystemarestill presentandwehopethatthese
will becompletelyeliminatedin thenearfutureand,after2.5yearsof trial anderror, themasercellardelivers
therequiredenvironmentalconditionsto matchthe£neperformanceof themasers.
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2.1.7 Clock Differ enceMeasurements

Projectteam:Koski, Oinaskallio,Mujunen

Therewasa needto designa new clock differencecounterto replacetheold one. For VLBI measurements
theclockdifferencehasto beknown. New countercouldn't beboughtbecauseif therewereany in themarket
they wereveryexpensive.

In Figure8 is theblockdiagramof thenew clockdifferencecounterClodi 5.

Figure8: Theblockdiagramof thedesignedclockdifferencecounter.

Theold VTT ATA clockcomparatormeasuredtheclockdifferenceoncein tenminutes.Someof its channels
werebroken.Now it doesn't work atall.

The new counterwill comparethe clock differenceevery second.It will have inputsfor MasterPPSsignal
andtenclock signals.It hasa crystaloscillatorof 100MHz. Thecountercalibratesitself by comparingthe
oscillatorsvalueto thevalueof MasterPPSproducedby theH-masers.TheCPLDs(Complex Programmable
Logic Devices)arenowadaysso fastthey canbe usedto make counters.The MasterPPSsignalis delayed
by oneclock periodon a CPLD.Oneperiodis 10 nsfor thefrequency of 100MHz. In a systemthathasten
channelsthedelaybeforethelastCPLD is 100ns.

Thenew clock differencecomparatorwill have aneightcharacterdisplay. Theuncalibratedclock difference
betweentwo channels,theotherbeingthesignalfrom theH-masers,canbeeasilyread.Thecalibratedvalues
of all channelswill besaved.

In Figure9 is ameasurementfrom December2003by theprototype.

A two channelprototypewasdesignedandbuilt. After being testedit replacedthe old clock comparator,
Figure10andFigure11.

Thenew tenchannelcounteris now designedandbeingassembledandis soonreadyto betested.

8



Figure9: Datafrom theprototype.

Figure10: Theprototypeis beingtested

2.1.8 NewObservational Software

ProjectTeam:Mujunen

Thisprojectwaseffectively halteddueto manpowerproblems.

2.1.9 Developmentof Next GenerationVLBI RecordingSystems

Projectteam:Ritakari, Mujunen

9



Figure11: Theprototypehasreplacedtheold clockcomparator.

TheMRO disk recorderdesignwascompletedin year2002anda total of onehundredVSIB dataacquisition
boardsandVSIC converterboardswereproduced.

In year2003the successful1Gbit/sVLBI experimentserieswascontinued:Metsähovi andCRL/Kashima
succeededin gettingthe£rstinternational1Gbit/scontinuumfringesin February2003.

In March12th2003Metsähovi andJodrellBankObservatorysucceededin the£rstEuropean1Gbit/sVLBI
experiment.Thedatawasrecordedwith MRO-designedsystems,transferredto JIVE via Internetandplayed
backwith Mark5A terminals.Thisprovedtheinteroperabilityof MRO disk recordersandMark5A terminals.

In June17th2003Metsähovi andCRL/Kashimasucceededin the£rstinternational2Gbit/sexperiment.Data
wasrecordedwith MRO-designedterminalsat Metsähovi andPC-VSIterminalsat Kashima.Metsähovi data
wastransferredvia Internetto Kashimaandcorrelatedwith ahigh-speedsoftwarecorrelator.

In thefourthquarterof 2003interesthasbeenfocusedin evaluatinghigh-speedInternetprotocolsfor eVLBI.
Several candidateprotocolshave beenfound: Sabul, UDT, Tsunami,Fobs,ReliableBlastUDP andGTP. In
thepreliminarydatatransferteststo JIVE theMRO teamachievedanorderof magnitudeimprovementto the
normalTCP/IPtransferspeed.

2.1.10 Solar Monitoring Telescope

ProjectTeam:Urpo, Mujunen,Oinaskallio

Sunantennais a separatesmallsizereceiver systemdesignedto observe thetotal ¤ux of thesolarmicrowave
radiationwith apassbandof about1GHzaroundcenterfrequency of 11:7GHz. Rathersimpli£edconstruction
consistsof standardcommercialmicrowave front end,selfdesignedIF-electronicsanddataacquisitionby 16-
bit A/D-converter. Thesizeof themainbeamin radiationpatternof theantennais approximately1:1±, which
is enoughto observe thetotal ¤uxof theSun's hemisphere.

Receiver hasgot two channels,linearandlogarithmic from which the linear is theonly calibratedoneat the
moment. Thus,the receiver offers now a dynamicalrangeup to approximately5000K in antennatempera-
ture, correspondingup to 400 SolarFlux Unit radio burst in the Sunwhenthe systemnoiseandsilent Sun
backgroundlevel is subtracted.
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Figure12: Sunantenna.

Controlsystemof theantennais usingquitelargelythesamecomputerandelectronicsarchitectureasthemain
telescopeof Metsähovi observatory, althoughsomenew designfor examplewith SSIencoderinterfaceswas
implemented.The out-doorpart of the receiver consistsof diameterof 1:8m commercialsatellitedish and
smallaccessorycompartment.Main electronicsfor servo systemanddataacquisitionwith two computersare
£ttedinto onerackinsidethecontrolroom.

This instrumenthasbeenobservingtheSuncontinuouslysinceAugust2000excludingsomecalibrationmea-
surements,maintenanceandtwilight/night time. An exampleof observedeventsis includedin chapter2.6.3.

2.2 VLBI Observational Activities

2.2.1 GeodeticVLBI Project

ProjectTeam:Mujunen, Urpo,Oinaskallio,Rönnberg

The swap-in/swap-outmountingsfor the new 1.7 m geodeticsubre¤ectorweredesignedandmanufactured.
The subre¤ectoris madeof silver particlesuspensioncoatedcarbon£ber(undera contractby the Geodetic
Instituteto ET-TuoteOy). An additionalaluminiumhoneycombsupportingbackstructurewith four mounting
studswasmanufacturedin-houseto facilitatea tool-lessrepeatableinstallationof there¤ectorto thetelescope
secondaryfocus.

A new lift systemwasdevisedandinstalledinsideradomealuminiumsupportframe. This makesit possible
to steerandmanagethe subre¤ectorinto the correctpositionbeforesnappingit into the supportlugs of the
secondaryfocusmount.

The S/X bandreceiver wassplit in two halves to facilitate lifting it into the pedestal.The feedhornswere
separatedatSMA (S)andwaveguide(X) joints to reducetheweightof thehalvesto amanageablelevel.
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After laseralignmentanddistancegaugingthefocusingof thesubre¤ectorwasveri£edin aseriesof trial total
powerobservationsof CygnusA andCassiopeiaA whichproducedthebeampatternsillustratedin Figure13.
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Figure13: Observationsof CasAandCygnusAat S-bandandX-band(from top S-CasA,S-CygA,X-CasA,
X-CygA) con£rmthatthecurrentsubre¤ectorpositionis suf£cientlyfocused.

Thereare a few remainingproblemsregarding to receiver autonomouscontrol systemandauto-controlled
vacuumpump and cryocoolerpower switches. Additionally, the phasecal injector needsa new pedestal-
mountedenclosurewith power supplyandRF electronics,andthe cablelengthmeasuringsystemmustbe
addedfor routinegeodeticS/X bandobservations.

2.2.2 Station Hardware/Software

ProjectTeam:Mujunen, Oinaskallio,Ritakari

The recordingquality of our single-headstackVLBA4 recorderremainslessthandesirable.Numerousat-
temptsto revealtheunderlyingproblemhave all failed,andonly vaguespeculationsof headstackwear-out or
miscontouringremain.

One-15VDC power supplyof our VLBA dataacquisitionrack failed just beforethe June2003sessionand
hadto bereplacedwith a temporarysetup.It wasproperlyreplacedafter thesession.Futurefailurescanbe
expectedsincetheDAR is already11yearsold.

The total power detectorsof IF distributor C/D still have a fault resultingin zeroreadouts,preventingfull-
bandTsysmeasurementsof the astronomyRCPchannel. Approximately£ve BBCs have synthesizer/PLL
faultsand/orTPI problems—8BBCsremainavailable.

2.2.3 VLBI Sessionsin 2003

ProjectTeam:Mujunen

Only two EVN VLBI sessionscontainedobservationsatK band,22GHz, in FebruaryandJune2003.A total
of eightthin tapeswereshippedto theJIVE correlator. Dueto manpower limitations,Metsähovi did not par-
ticipateany CoordinatedMillimeter VLBI Array (CMVA) sessionsin 2003.Thearrayitself wasrestructured
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in 2003asthecoordinationresponsibilitywastransferredfrom HaystackObservatoryto Max-PlanckInstitut
für Radioastronomie,underthenew nameof theGlobalmm-VLBI Array.

2.3 Extragalactic Radio Sources

ResearchGroupatMetsähovi: Urpo, Lähteenmäki,Teräsranta,Tornikoski

2.3.1 Monitoring of Quasars

ProjectTeam:Teräsranta, Hovatta,T. Lindfors

Thequasarmonitoringwith theMetsähovi radiotelescopecontinuedfor the23rdyear. Eventhetotalobserving
timewaslessthan40%from total time,nearly3900observationsweredone.Thiswasduefrom thespecially
dry year, which resultedin goodobservingweather. About 60%of theobservationswereat 22 GHz, while
therestwereat 37 GHz. During theyear2004we shouldhave thenew 2/3 mm cooledreceiver in operation.
Takingin accountthelocal attenuationlevel from sky andradome,it is unlikely thatmonitoringof quasarsat
90or 150GHzwill everberealistichere.Thenew receiver is still helpful in studyingtheantennaperformance.

Figure14: YearlyQSOobservationsin themonitoringprogramsince1979.

The poor £nancialsituationforcedus to do over 70% of the observationsin automaticmode. Many nights
observationswerenaturallylost asdew fell on the radome.The total numberof observationssince1979is
now over 56000.Thenumberof yearlyobservationsareshown in Figure14.

Preparationfor thenext gamma-raysatellitesAGILE andGLAST continuedby observinga largesampleof
¤atspectrumAGN at22and37GHz. With theMetsähovi receiving systemit is notpossibleto reallymonitor
asampleof AGN down to 0.5Jy levels,currentlynotevento 1.0Jy. Thestrongersourcesgeta fair sampling,
while wemustbesatis£edto a few yearlypointsfor theweakersources.
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Thelaunch-timeof AGILE seemsto drift forwards;now it is expectedto ¤y from theyear2005.This should
giveaspecialopportunityto havebothAGILE andGLAST observingatthesametimefor awhile. Theground
supportteamsshouldthendoubletheir efforts, if thesatellitesobserve mosttimesdifferentpartsof thesky.
With suchsmalltelescopesasMetsähovi, thiswouldbequitedif£cult.

Anotherinterestingmissionwill betheJapaneseMAXI, anall sky X-ray monitor, which will beinstalledon
the ISS.Continuous¤ux curvesarethe key for analysingthe variability in all wavebands.The connections
betweentheX-ray ¤ux comingfrom theinneraccreationdiscandtheejectionof freshcomponentsalongthe
superluminaljet will bestudiedwhenMAXI is operational.

During theyear2003themonitoringteamparticipatedin numerouscampaigns,mostlysupportingX-ray ob-
servationswith XMM andRXTE. Also theWEBT campaignsweresupportedwhenpossible.An exampleof
a long-termvariableAGN is shown in Figure15,which shows the¤ux of NRAO 150at 22 GHz since1982.
This sourcelies behindthegalacticplaneandthusthereis not yetanopticalidenti£cation.In theselong term
variablesprecessionis a noteworthy explanationfor thebehaviour. It is clearthatvery long termmonitoring
is neededto con£rmif thesevariationscomein aperiodicway.
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Figure15: The¤uxdensityof thequasarNRAO 150at22GHzsince1982.

2.3.2 AGN Science

Team: Tornikoski, Lähteenmäki,Torniainen,Parviainen,Hovatta,Tröller, E. Lindfors, Saloranta,Nieppola,
Valtaoja(Turku),Ojala(Turku),Lainela(Turku)

Inverted-spectrumsourcesandcandidates

As part of our work on the Planck-satellite's extragalactic foregroundscience(see2.4) we continuedour
studyof the inverted-spectrumsourcesandcandidates.This includesthe so calledGPS(GigahertzPeaked
Spectrum)sourcesaswell assourcesthatat leastsometimes(duringcertainactivity stages)have continuum
spectrathat becomeinverted. Our earlier studieshave shown that the behaviour of thesesourcescan be
extremely interesting,and historically someof the activity behaviour hasbeenmisinterpretedand sources
misclassi£edbecausescienti£cconclusionshave sometimesbeenmadeusingtoosparsedatasets.

Whenstudyinginverted-spectrumsourcesit is essentialto collect as muchdataas possiblefrom different
frequenciesin orderto outlinethespectralshape.In our studywe originally wantedto identify new inverted-
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Figure16: Some,but only very few, sourcesclassi£ed
as GPSsourcesin the literatureseemto have a gen-
uinely convex spectrum,the shapeof which remains
the sameduring all the activity stages,alsoduring si-
multaneousmultifrequency datataking(redcrossesfor
theRATAN–600datafor 0642+449and0923+392).

spectrumsourcesandgathereddatafrom theliterature,madeobservationsandplottedthecontinuumspectra
for sourcesin theMetsähovi quasarsample.Surprisinglymostof the 'bona £de' inverted-spectrumsources
turnedout to be ¤at spectrumsourceswith spectrathat becomeinvertedonly during outbursts. A draft
manuscriptof our studyon inverted-spectrumsourceswaspreparedin 2003,but the work wastemporarily
pauseddueto IlonaTorniainen's maternityleaveandthepaperwill besubmittedin the£rsthalf of 2004.

We have alsostudieda comparisonsampleof inverted-spectrumradio galaxies. Statisticalanalysisof the
varioustypesof inverted-spectrumsourcesandcandidatesmay reveal someconnectionsbetweendifferent
populationsandclarify the classi£cationof the sources.We have alreadygathereda relatively large setof
observationsfor thesesources,andtheactualscienti£canalysis,consistingof clusteranalysisandanalysisof
varianceof theclusters,will continuein 2004.

In collaborationwith Kaj Wiik from ISAS, Japan,andTuomasSavolainenfrom Tuorla we have studieda
setof newly identi£edGPSsourcesby usingVLBI observations.Thesourceswerechosenfrom our group's
suggestionsfor new GPSsourcecandidatespresentedin Tornikoskietal. 2000,AJ 1739& 2001,AJ 121.The
VLBI observationsweremultifrequency (5, 8, 15,22 and43 GHz, includingpolarization)observationsmade
usingtheVLBA network. TheVLBI imageswerereducedin 2003,andnow we arein theprocessof making
scienti£cconclusionsaboutthedatasetsandwriting paperspresentingourdataandscienti£cresults.

During our Metsähovi continuumobservationsof theinverted-spectrumsourceswe have alsocaughtsomeof
thesourcesin exceptionallyactive statesandinitiatedmultifreqeuency observationsfor thosesources.Some
of thesesourceswerealsopartof ourcollaboration'sVLBA observationsin 2003.Thedatawill bereducedin

15



2004.

High-peakedBL LacertaeObjects

TheBL Lacertae(BLO) observingprojectis alsoanimportantpartof our group's Planckforegroundscience
work (seealsosection2.4).

Figure17: BL LacertaeObjectswhich werefaint ac-
cording to their historical low-freqeuency data, but
which werefoundto have S37 ¼ 1 Jy in our Metsähovi
observations. The instantaneousRATAN–600 spectra
weretakencloserto the37 GHz observingepochthan
thehistoricaldatapoints,andit canbeseenthat these
sourcesindeedseemto bein anactive statenow.

Thetwo mainBLO subclasses,theradio-selectedBLOsandtheX-ray-selectedBLOs(¼ HBLs),areaproduct
of different discovery techniques.Currently it is not known whetherthesetwo classesof objectsare two
extremesof theBLOs,theobservedpropertiesof whicharede£nedby thejet orientation,or whetherthey have
intrinsicallydifferentproperties.Thenewly discoveredclassof IBLs seemsto consistof sourcesintermediate
to theradio-selectedandX-ray selectedsamples.It is still unclearwhetherthedetectionof theIBLs wasdue
to a selectioneffect whenproducingthe sample,or whetherthe samplerepresentsthe actualdistribution of
BLOs,showing acontinuousdistributionof propertiesfrom theHBLs to theLBLs.

In general,theHBLs/XBLs have beenexcludedfrom high-frequency radiostudies,becausethey areassumed
to bevery faint. In 2001our groupstartedto observe a completesampleof BLOs, includingmany IBLs and
HBLs, andthe work continuedin 2002–2003.The sampleconsistsof 462 BLOs or BLO candidatesfrom
theVeron-Cetty& Veron2000catalogue,but someof thesourcesin theoriginal list aretoo Southernto be
observedin Metsähovi. Theobservationsin Metsähovi weremadeat37GHz,but wehavealsomadesome90
and250GHzobservationsfor thesesourcesusingtheSEST, andin ourSESTobservationswehavealsobeen
ableto includesomeof themoreSouthernsources.

The purposeof this studyis to get a full understandingof the spectralenergy distribution of the BLOs, all
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theway from theradio-selectedto X-ray selectedBLOs,andto seeif thereis a continuityfrom subsampleto
subsampleandif this£tswithin theframework of theuni£cationmodels.

By theendof 2003we hadobservedalmostall of thesourcesin our BLO sampleat leastonce,andfor many
of thesourceswe hadgatheredseveralepochsof 37 GHz data. The interpretationof thescienti£cresultsis
now in process,but we canalreadyseethat therehave beenmany caseswherea BLO initially thoughtto be
too faint to bedetectedat our frequency bandhasafterall beenrelatively bright, eitherbecauseit happened
to bein anactive state,or becauseit possessesaninvertedcontinuumspectrum.In orderto betterunderstand
their variability behaviour we arecontinuingour observations,andwe have alsostarteda collaborative effort
with a groupleadby Dr. S.A. Trushkinfrom theSpecialAstrophysicalObservatoryin Russia,wherewe use
theRATAN–600telescopeto obtaininstantaneous2–22GHzcontinuumspectrafor a largesetof oursources.
WealreadyhadaverysuccessfulRATAN–600observingrunonNovember10–15,andarescheduledfor more
observationsin 2004.

Gamma-rayandradioemissionin Active GalacticNuclei

Ourgrouphascontinuedto studytherelationshipof thegamma-rayandradioemissionin AGNs.

Oneof our mainmultifrequency observingefforts in 2003wastheuseof theMetsähovi telescope(andto a
certainextent,alsoSEST)for millimetre-domainsupportof INTEGRAL satellite's gamma-rayobservations
of blazars. We were co-investigators in several INTEGRAL observingprojectsin 2003. We maderadio
observationsfor the target sourcesduring the INTEGRAL pointings,but also tried to get a goodsampling
beforeandafter theactualmultifrequency sessionsin orderto geta betterunderstandingabouttheir current
activity behaviour. It turnedout thatsomeof our INTEGRAL sourceswerein a very faint state,but at least
oneof themwasin anexceptionallybrightmultifrequency state(seesubsection“ENIGMA network” for more
information).

We alsocontinuedour theoreticalwork on radio to gamma-rayconnectionsin AGNs. We £tted the radio
spectraof 21 AGNs to obtainasaccurateaspossibleestimatesof the synchrotronpeakfrequencies.In the
pastthespectral£tshave omittedtheradiodataalmostcompletely, andsothederivedpeakfrequencieshave
beenunreliable.We wantedto studythesequencein AGN propertiesaccordingto theobservedsynchrotron
peakfrequency npeak, suggestedby Ghisellini et al. (1998, MNRAS, 301, 451). Our preliminary results
suggestedcorrelationbetweennpeakandthe“Comptondominance”(calculatedsimplyastherelationbetween
gamma-rayandradio emission).A closerinspectionproved that the dependencieswereactuallydueto the
Dopplerfactor, andthecorrelationdisappearedwhenusingDoppler-correctedvalues.Thesamehappenswith
the correlationof npeak andthe luminosity. However, thereis a signi£cantcorrelation(> 99:9 %) between
npeakandtheLorentzfactorof therelativistic jet (i.e. thespeedof thejet) – thehigherthespeed,thelower the
synchrotronpeakfrequency.

Thisstudywaspartof Pia-MariaSaloranta'sMaster's thesis.Her thesiswork wasstartedin summer2003and
completedby theendof theyear.

Continuingtheresearchstartedin herMaster's thesis,Elina Lindfors hasbeenstudyingtheemissionmecha-
nismandorigin of gamma-raysfrom quasars.Commonapproachin previousworkshasbeenthatthegamma-
rayswould originatecloseto theapex of therelativistic jet, while Lindfors et al. have studiedthepossibility
that mostof the gamma-rayemissionwould originatefrom shockspropagating downstreamin the jet. It is
well establishedthatmostof theradioemissionoriginatesin theseshocks.Using¤ux monitoringdatafrom
Metsahovi andotherradioobservatoriesthegrouphasmodeledthespectraof the radioemissionandcalcu-
latedthe resultinggamma-rayspectraandcomparedit to gamma-rayobservationsfrom Comptonsatellite.
Thestudyon blazar3C 279showedthat it cannot beruledout thatthegamma-rayemissionwould originate
from theshocksandthereforethework on thismodelcontinues.

ENIGMA network

2003wasthe£rstyearof operationof theEC-fundedresearchtrainingnetworkENIGMA (“EuropeanNetwork
for theInvestigationof GalacticnucleithroughMultifrequency Analysis”). This is a lively collaborativeeffort
betweeneightEuropeaninstitutesthathavebeenactively involvedin AGN studies.TheMetsähovi coordinator
for thisprojectis M. Tornikoski.
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Thescienceactivities of this network areaddressedin six complementaryresearchthemeswhich areclosely
connectedto eachother. Theempiricalprojectsareaimedat maximizingef£ciency by teamingup observa-
tional resourcesandcoordinatedcampaigns.Thetwo theoreticalthemeshavemany links betweenthemselves,
andclearconnectionsto theempiricalsubjects.

Figure18: In August2003thesource0716+714wasobserved to bebrighterthanever at 37 GHz. Because
this sourcewas to be the target of the ENIGMA-network's multifrequency observationsin November, we
immediatelyalertedourcollaboratorsto observe it moreintensely. The¤uxbehaviour of 0716+714at theend
of 2003wasverycomplex andwereceivedlotsof interestingmultifrequency dataduringtheseactivity stages.

Duringthe£rstENIGMA yearweparticipatedin two network symposiumsandactively tookpartin preparing
for the £rst ENIGMA multifrequency observingcampaign.The campaignturnedout to be extremelyinter-
estingbecausethe sourcewasin an exceptionallyactive stateespeciallyin the radio wavebands.Our team
madealreadypre-campaignobservationsbeforetheplannedobservingepoch(whichwascenteredaroundthe
INTEGRAL pointingsof the source)andwe wereableto alert otherteamsto alsointensify their observing
efforts. Our teamusedMetsähovi andtheJamesClerk Maxwell Telescope(JCMT) on MaunaKea,andwe
alsocollaboratedwith Wiik & Savolainenin makingVLBI observationsusingtheVLBA network.

In November2003a PhDstudentfundedby ENIGMA, Mirko Tröller from Heidelberg, Germany, startedto
work in our team.

AGN sciencewith theSESTtelescope

Our grouphasbeenusingtheSwedish–ESOSubmillimetreTelescope,SEST, alreadysince1987,andalsoin
2003we hadseveral observingsessionsat SEST(projectsrelatedto INTEGRAL-satellite's multifrequency
supportas well as observationsof BLO and GPSsourcesamples). This year, however, was exceptional,
becauseSESTwasto bedecomissionedin August,andsoit is time to brie¤ylook backandsummarizewhat
wehave achievedwith SEST.

TheMetsähovi-TuorlacollaborationhasusedSESTfor continuumobservationsof varioustypesandclasses
of AGNsat 90 and230GHz, andin 2003with theSIMBA bolometerarrayalsoat 250GHz. We have been
verysuccessfulin applyingfor observingtime,oftenhaving beenallocatedanobservingsession(or eventwo!)
every“Swedish”month,resultingin asmany assix or evenmoreobservingsessionseveryyearduringthe£rst
10yearsof SESToperation.After thatourscienti£cemphasiswasshiftedtowardsfew-epochobservationsof
certainsourcesamples,resultingin longerbut fewer observingsessions.In total we have beenallocatedan
incredible2614hoursof SESTtelescopetime!
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Figure19: Restin peace,SEST!Youserveduswell. (TheSwedish-ESOSubmillimetreTelescopein its earlier
days).

Thescienti£coutputfrom our SESTdatatakinghasbeenoverwhelming.Sofar, we have usedSESTdatain
30paperspublishedin internationalrefereedastronomicaljournals,in morethan50presentationsin scienti£c
conferences,andin oneMaster's andthreePhD Theses.We arestill in the processof analysingour SEST
datasetsin detail,andtheresultswill beusedin many additionalpapersthatwill besubmittedto astronomical
journals.

Now thatSESTwill no longerbeavailable,we arealreadypreparingourselvesfor new challenges.We have
alreadyusedothersubmillimetretelescopesfor ourobservingprojects,andweareeagerlylooking forwardto
Finland's ESOmembershipandtheaccessto modernESOinstruments,includingAPEX andALMA.

2.4 Planck SatelliteScience

ProjectTeam:Lähteenmäki, Tornikoski,Parviainen,Torniainen,Urpo,Valtaoja(Turku)

2.4.1 Intr oduction

The Plancksatelliteis designedto mapthe sky at several radio frequenciesandto measurethe cosmicmi-
crowave background(CMB) radiation. At the sametime all foregroundradio sourcesin the sky, including
extragalacticradiosources,will bemeasured,too. OurMetsähovi RadioObservatoryandTuorlaObservatory
Planckcollaborationteamis anactivecorememberof thePlanckExtragalacticPointSourcesWorkingGroup.
Thesatellitelaunchis scheduledfor February2007.

Themaintasksfor our teamhave beenthedevelopmentof thePlanckQuick DetectionSystemsoftwareand
the de£nitionof its triggering criteria, the constructionof the PlanckPre-launchCatalogof point sources
(including observationsandanalysisaswell as the delivery of the datafor the Catalog),andanalysingthe
scienti£cdataof extragalacticpoint sources(seethefollowing sections).

TheExtragalacticPointSourcesWorking Groupheldmonthlyteleconferencesfor WG coordinators(A. Läh-
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teenmäki),and the £rst dedicatedWorking Group meetingtook placein September15 — 16 in London,
UnitedKingdom. Our representativesin themeetingwereA. Lähteenmäki,M. Tornikoski, E. Valtaoja,and
M. Parviainen.

The homepage of the Metsähovi and Tuorla Planck collaboration can be found at
http://kurp.hut.£/quasar/planck/.

2.4.2 Quick DetectionSystem(QDS)

Thepurposeof theQuick DetectionSystemis to provide uswith Planckpoint sourcedatawithin oneweek
from the initial observation (almosta whole year beforethe releaseof the PlanckEarly ReleaseCompact
SourceCatalog).Thisis anovel idea,andsuchsoftwarefor asatelliteis now beingdevelopedfor the£rsttime.
QDSwill pick outpointsourcesfrom thetime-ordereddatastreamof thesatelliteaccordingto pre-determined
criteria,comparethesource¤ux with cataloginformation(is therea known sourceat thesecoordinates,how
stronghasit beenin thepast,hasthe¤ux increasedsigni£cantlyin ashorttimeetc),andif necessary, sendout
analarmto anoperatorwho will decidewhetherfollow-up observationsshouldbeinitiated(Figure20). The
systemhasbeentestedwith 30GHzsimulateddataandtheotherPlanckLFI frequencieswill beimplemented
next (Figure 21). The systemwill probablybe placedin the beginning of Level 2 of the Low Frequency
InstrumentDPCpipeline.

Planck
Pipeline Preprocessing

Database

Detection of points

Filtering

Classification

Alarm Observatories
Back to Planck Pipeline

Figure20: Structureof thePlancksatelliteQuickDetectionSystem(QDS).It will bereplicated,from prepro-
cessingto alarm,for eachdetector.

Wehaverecentlyextendedthescopeof theQDSalsofor galacticsources,in cooperationwith PlanckGalactic
WorkingGroup.M. Parviainen,who is in chargeof thecodingof thesoftware,will £nishhis M.Sc. thesison
QDSin early2004.

2.4.3 Observationsand Scienti£cAnalysisof the Data

We have startednew observinganddataanalysisprogrammesfor the Planckproject. The sourcesamples
includeobjectsthathave never beenobservedat thesefrequenciesbefore,andtheamountof dataanalysedis
unprecedented.Not only aretheobservationsfor thePre-launchCatalogimportantin themselves,but weneed
to know thebehaviour andphysicsat work in thesesourcesaswell. This knowledgeis requiredbothfor the
successof theCMB mappingaswell asfor thenon-CMBscience.
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b)

Figure21: a) Un£ltered,simulatedsignalfrom Plancksatellite. b) Signalafter£lteringwith a Mexicanhat
wavelet£lter.

The ideawasto studynew sourcepopulationsandto getanestimateof how they affect thePlanckmission.
Theseinclude,for example,X-ray andintermediateBL Lac objectsandGigahertz-peakedspectrumsources.
Thenumberof sourcesobservedsofar is morethanfour hundred.We arecontinuouslyexpandingour source
samplesto includemoreobjects.In thepastmostof thesesourceshave beenexcludedfrom high frequency
studiesbecausethey arebelieved to beweakin theradiodomain.However, our new observationsshow that
many (possiblyhundreds)of thesesourcesaresobright in their activestatethatthePlancksatellitecaneasily
detectthem.For detailedresults,see2.3.2.

In cooperationwith the ExtragalacticPoint SourcesWorking Groupwe have alsoobserved the unidenti£ed
andmultipleidenti£cationWMAP pointsourcesimmediatelyafterthereleaseof theWMAP catalog,andhave
beenableto identify severalof them.Wehavealsostartedaprogramme,in cooperationwith theSpecialAstro-
physicalObservatoryandotherRussianinstitutes,to studythefainter¤at-spectrumsourceswith RATAN-600.
The£rstobservationsweremadein autumn2003,andfurthersessionsareplannedthrough2004andonwards.
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Oneof thetasksin bothde£ningtheparametersfor ourQuickDetectionSystemaswell asin planningmultifre-
quency AGN observingcampaignsduringthePlanckmission,is to studythelong termmillimetre variability
of a large sampleof sources,andso betterunderstandtheir variability andvariability timescalebehaviour.
Typical variability timescalesof AGNsat22and37GHzhavebeenstudiedearlierby our team,andcurrently
we arestudyinga completesetof high-frequency radio dataat 90 and230 GHz of ca. 150 sources.As a
specialinterestfor thePlanckproject,we arealsolooking at thepossibilityof predictingactivity in a source
basedeitheronstatisticsor observed¤uxbehaviour of thesource.For detailedresults,see2.3.2.

2.5 Observationswith Other Facilities

Swedish-ESOSubmillimetreTelescope(SEST),CerroLa Silla, Chile:
14.–17.2.,32 hoursof 90 GHz continuumobservationsfor theproject“Millimetre to high-energy connection
in blazars”,P.I. M. Tornikoski,Co–ILähteenmäki,Torniainen;observerT. Savolainen.
1.–3.4.,32 hoursof 90 GHz continuumobservationsfor theproject“Millimetre to high-energy connectionin
blazars”,P.I. M. Tornikoski,Co–ILähteenmäki,Torniainen;observerM. Lainela.
1.–3.6.,32 hoursof 1.2mm SIMBA bolometerarrayobservationsfor theproject“Millimetre to high-energy
connectionin blazars”,P.I. M. Tornikoski,Co–ILähteenmäki,Torniainen;observerM. Tornikoski.

JamesClerkMaxwell Telescope(JCMT),MaunaKea,Hawaii:
9.–13.11.,16hoursof SCUBA bolometerarray450/850µmphotometryandpolarimetryfor theproject“Mul-
tifrequency Observationsof Two Intraday-VariableAGNs”, P.I. andobserverM. Tornikoski.

INTEGRAL-satellite:
5.–7.1.,11.1.,17.–18.1.,16.6.,18.7.,project“The Physicsof AGN: a DeepUnderstandingof theQuasar3C
273“ P.I. T. Courvoisier, Co–IM. Tornikoski
1.–5.6. project “The Hard X-Ray andCorrelatedMultifrequency Propertiesof the Blazar3C 279”, P.I. W.
Collmar, Co–IM. Tornikoski
10.-17.11.project“InverseComptonCatastropheandPairCreationin theIntraday-VariableSources0716+714
and0836+71“,P.I. S.Wagner, Co–IM. Tornikoski.

VeryLongBaselineArray:
VLBI observations,includingpolarizationmaps,atseveralfrequenciesonthe¤aringblazarsCTA102,OA129
and0716+714,variousepochs.P.I. Kaj Wiik, Co–IM. Tornikoski.

RATAN–600telescopeof theSpecialAstrophysicalObservatory, RussianAcademyof Science:
10.–15.11.instantaneous2–22GHzobservationsof asampleof BL LacertaeObjectsandGPScandidates,P.I.
S.A. Trushkin,Co–IValtaoja,Tornikoski,Lähteenmäki.

2.6 Solar Research

ResearchGroupatMetsähovi: Urpo

2.6.1 Solar Observing Campaigns

ProjectTeam:Urpo, Hurtta

Solar observationscontinuedat Metsähovi in 2003. Receiver working at 37 GHz was used. Numberof
observingdayswas21. More than100solarradiationmapsweremeasuredandactive regionsweretracked
for 25 hoursin orderto detectenergy burstandreleasesat radiowaves. No major radio releaseeventswere
detected.Analysisof measureddatacontinuedin internationalcooperation.
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2.6.2 Solar Data Analysis

ProjectTeam:Urpo

Metsähovi solardataanalysiscontinuedin internationalcooperationwith Russia.Solarburstsmeasuredwith
theMetsähovi maintelescopewasanalysedusingWigner-Ville method.Metsähovi solarmapswereanalysed
usingimprovedIDL programs.
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Figure22: Solarmapmeasuredin 37GHzwith theMetsähovi maintelescopeonJuly16,2003.Severalactive
regionsarevisible.

2.6.3 SpaceWeatherObservation at 11:7GHz

ProjectTeam:Urpo, Mujunen,Oinaskallio

Sunantennais dedicatedfor continuoussolarobservationswhile the main telescopecould be usedfor that
purposeonly few weeksannually. Operationof the instrumentstartedin August2000. Radioeventsstarting
from few SolarFlux Units up to approximately400SFUcanberecorded.Logarithmicchannelwill increase
thedynamicalrangefrom thatessentially. All togetherover100eventsduring2003wereobserved.

2.7 Radio Spectroscopy

2.7.1 SpectroscopicSpaceResearch with the Submillimetr eWave SatelliteOdin

ProjectTeam:Liljeström

Odin is a satellitewith a combinedastronomyand aeronomymission. It is designedfor observationsof
speciesdif£cult or impossibleto observe from ground,especiallywaterandoxygen. It consistsof a 1.1 m
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Figure23: Time seriesof solarradiationon October23, 2003,frequency 11.7GHz. The sourceevent was
observed also in otherobservatoriesat other frequencies.At 8.86 GHz it was6200SFU andat 15.4 GHz
10000SFU.

diametertelescopewith four tuneableheterodynereceiverscoveringthefrequency ranges486-504GHz,and
oneacousto-opticalspectrometer£xedat118.75GHz.

Odinwasdevelopedonbehalfof thespaceagenciesin Sweden,Canada,FranceandFinland.It waslaunched
into a Sunsynchronouscircularorbit in February2001andwill continueto observe until May 2004. Odin's
high angularresolution,high frequency resolution,large spectrometerbandwidths,high sensitivity and/or
frequency tuningcapabilityhave beencrucialin obtainingthemany interestingresults.

Someof thehighlightsto bementionedaretheH2O line mappingof OrionKL, W 3,DR 21,S140regions,and
four comets.In addition,broadwaterabsorptionlineshave beendetectedtowardthecircumnucleardisk and
molecularcloudsof theGalacticcentre.Shockenhancedwaterhasbeendetectedtowardthesupernova rem-
nantSNRIC 443andin thecandidateinfall sourceIRAS 16293-2422(containinga protostarin its formation
process).Spectralscanshave detectednew spectrallines(e.g.,PH at 553.4GHz andthegroundtransitionof
the15NH3 isotopeat572.1GHz). DeepOdinsearchesfor molecularoxygenat118.75GHzhave resultedin
very low abundancelimits, whicharedif£cult to accommodatein chemicalmodels.A SpecialLettersEdition
(AstronomyandAstrophysics402, May II, 2003)published11 papersof the First Sciencewith the ODIN
satellite;Metsähovi wasinvolvedin sevenof these£rstOdinpapers.
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M., Teräsranta,H., Könönen,P.: Selectedradiomapsandmajorsolarradio¤aresmeasuredatMetsähovi
in 1996-2001.Metsähovi PublicationsonRadioScience, HUT-MET-46, 78p., 2003.
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6 Urpo,S.,Puhakka,P., Oinaskallio,E., Mujunen,A., Peltonen,J.,Rönnberg, H., Hurtta,S.,Tornikoski,
M., Teräsranta,H., Könönen,P.: Selectedradiomapsandmajorsolarradio¤aresmeasuredatMetsähovi
in 2002.Metsähovi PublicationsonRadioScience, HUT-MET-47,89p., 2003.

7 Ovaska,S., Sjöman,P., Eskelinen,P.: Theoreticalsusceptibilityof Planck70 GHz radiometerto sys-
tematiceffects.Metsähovi PublicationsonRadioScience, HUT-MET-48, 15p., 2003.

8 Kislyakov, A.G., Stepanov, A.V., Urpo, S.,Zaitsev, V.V., Mujunen,A.: Evidencesof photosphere£ve-
minuteoscillationsin solar¤aremicrowave emission.Metsähovi Publicationson RadioScience, HUT-
MET-49, 18p., 2003.

3.4 Other Publications

1 Koski, M.: Tarkkojenkellojenvertailujärjestelmänkehittely. Insinöörityö,Helsinginammattikorkeak-
ouluStadia,2003.

2 Saloranta,P-M.: Aktii vistengalaksienenergiaspektrinja gammasäteilynvälinenriippuvuus.Progradu-
tutkielma,Turunyliopisto,Fysiikanlaitos,2003.

4 Visits to Foreign Institutes

EuropeanSouthernObservatory, CerroLa Silla, Chile,29.5-6.6.2003,M. Tornikoski.

JointAstronomyCentre,Hilo, Hawaii, 7.11.& 13.–14.11.,M. Tornikoski.

Universityof Oxford,Astrophysics,UnitedKingdom,severalvisits,A. Lähteenmäki.

5 Visiting Scientists

Igor Zinchenko, IAP, Russia,13-18.5.
Vladimir Perminov, IAP, Russia,26.9-2.10.,20-28.10.and13-19.12.
AlexanderEliseev, IAP, Russia,1-7.10.,10-20.11.,and13-19.12.
Igor Kutznetsov, IAP, Russia,1-7.10.,10-20.11.,and13-22.12.
AlexanderShtanyuk, IAP, Russia,12-27.5.,26.9-8.,20.10-4.11.,and13-22.12.
Vladimir Maltsev, IAP, Russia,13-18.11.
Vyatcheslav Vdovin, IAP, Russia,12-27.5.,26.9-8.10.,13-14.11.,and17-20.11.
Vladimir Nossov, IAP, Russia,26.9-2.10.
Vladimir Gavrilov, IEM Kvarz,1-8.4.,29.9-6.10.
N. Demidov, IEM Kvarz,8.7.,19.12.
AlexanderStepanov, CentralAstronomicObservatory, Russia,1-10.10.
Albert Kislyakov, IAP, Russia,1-10.10.

6 Thesis

Thesisfor thedegreeof B.Sc.
Minttu Koski: A Designfor aComparingSystemof PreciseClocks.

Master's thesisatTurkuUniversity
Pia-MariaSaloranta:Correlationbetweenthespectralenergy distribution andgamma-rayemissionin Active
GalacticNuclei.
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7 Teaching

Radioastronomydemonstrationfor HUT SpaceTechnologystudents,9.4.2003,M. Tornikoski,S.Urpo

Supervisorfor Mikko Parviainen's Master'sThesis/ M. Tornikoski

Post-graduatecourse“UnsolvedProbelmsin Astrophysics”,spring2003,M. Tornikoski andS.Urpo

8 Other Activities

8.1 Participation in Boardsand Committees

HvarObservatoryBulletin, Boardof Editors,S.Urpo

AAS, AmericanAstronomicalSociety, member, S.Urpo

EAS,EuropeanAstronomicalSociety, foundingmemberS.Urpo.

IAG, InternationalAssociationof Geodesy, associatememberS.Urpo.

AMS, TekesGuidingGroup,memberS.Urpo.

Planck,TekesSteeringGroup,member, S.Urpo.

COSPAR, CommitteeonSpaceResearch,FinnishNationalCommittee,member, S.Urpo.

COSPAR, CommissionE2,SolarPhysics,memberS.Urpo.

EVN, EuropeanVLBI Network Boardof Directors,memberS.Urpo.

IAU, FinnishNationalCommittee,memberS.Urpo.

RISC,RadioastronInternationalScienceCommittee,memberS.Urpo.

TuorlaObservatory, memberof theBoardS.Urpo.

URSI,Unionof RadioScienceInternational,FinnishNationalCommittee,vicememberS.Urpo.

WorkingGroupfor Finnish-RussianCooperationin SpaceField,memberS.Urpo.

Memberof thesteeringcommitteeof theANTARESSpaceResearchProgram,M. Tornikoski.

URSIComissionJ (Radioastronomy)delegate,M. Tornikoski.

FinnishAstronomicalSociety, Vicepresident,M. Tornikoski.

Metsähovi Coordinatorof theEC ResearchTrainingNetwork ENIGMA (“EuropeanNetwork for theInvesti-
gationof GalacticnucleithroughMultifrequency Analysis”),M. Tornikoski.

Memberof theFinnishAstronomicalAdvisory Groupfor theESOproject“Developmentof distributeddata
analysissystemfor extensive astronomicaldata”,M. Tornikoski.

8.2 Inter national Meetingsand Talks

EVN directorsmeeting,2-3.5.2003,Noto, Italy, S.Urpo.

Seminartalk aboutradio astronomicalresearchat Metsähovi, JodrellBank Observatory, United Kingdom,
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19.3.2003,A. Lähteenmäki

Lähteenmäki,A., Tornikoski,M., Parviainen,M., Valtaoja,E.: Review of theMetsähovi/TuorlaPlanckcollab-
orationactivities in theExtragalacticWorking Group6, The1stPlanckExtragalacticWorking GroupWork-
shop,London,UnitedKingdom,15-16.9.2003(Talk by A. Lähteenmäki)

Tornikoski,M., Lähteenmäki,A., Torniainen,I., Parviainen,M., Nieppola,E.,Valtaoja,E.: Metsähovi sources
samples,recentresults;The 1st PlanckExtragalacticWorking GroupWorkshop,London,United Kingdom,
15-16.9.2003

Tornikoski M: “AGN Scienceat Metsähovi”, talk at the£rstENIGMA symposium(held in Mayschoss,Ger-
many, 11-14.5.2003).

Tornikoski M: “Long termradiovariability: statisticsandpredictions”,talk at thethe£rstENIGMA sympo-
sium(heldin Mayschoss,Germany, 11-14.5.2003).

Tornikoski M: “Millimetre Variability: StatisticsandPredictions”,talk at thePlanckWorking Group6 Work-
shopin London,England,September15-16,2003.

Tornikoski M: “Metsähovi sourcesamples,recentresults”,talk at thePlanckWorking Group6 Workshopin
London,England,September15-16,2003.

TornikoskiM “Introductionto SessionIII: Variationsin sourcestructureand¤ux”, talk atthesecondENIGMA
symposium(heldin Portovenere,Italy, 11-14.10.2003).

Tornikoski M: “Radio Variability of Inverted-spectrumSources”,talk at the secondENIGMA symposium
(heldin Portovenere,Italy, 11-14.10.2003).

Tornikoski M: “ “15 yearsof AGN sciencewith SEST: Whathave we learnt– andwhy amI herenow?”, talk
givenat theJointAstronomyCentre,Hilo, Hawaii, 7.11.

ICEAA Conference,Torino, Italy, 7-13.9.2003,P. Sjöman.

2ndeVLBI Workshop,Dwingeloo,TheNetherlands,14-17.5.2003,A. Mujunen,J.Ritakari.

EVN TOGMeeting,Madrid,Spain,28.6-1.7.2003,J.Ritakari.

AMS TechnicalInterchangeMeeting,CERN,Geneve,Switzerland,27-31.7.2003,A. Mujunen,J.Ritakari.

EVN CBD andBoardMeetings,Dwingeloo,TheNetherlands,13-12.12.2003.,A. Mujunen.

The1stPlanckExtragalacticWorking GroupWorkshop,London,UnitedKingdom,15-16.9.2003,M. Parvi-
ainen.

8.3 National Meetingsand Talks

Lähteenmäki,A., Valtaoja,E., Tornikoski, M., Parviainen,M., Torniainen,I., Urpo, S.: Planckextragalactic
foregroundsources:the Metsähovi/Tuorla quasarresearchteam,AntaresFinal Seminar, Helsinki, Finland,
30.10.2003(Talk by A. Lähteenmäki)

8.4 Public Relations

Space2003-exhibition 31.10-2.11.2003,A. Lähteenmäki,S.Urpo,A. Mujunen,P.-M. Saloranta,T. Hovatta,
M. Koski.

GeneralMetsähovi toursandshorttalksaboutradioastronomicalresearchto many visiting groups,S. Urpo,
H. Teräsranta,M. Tornikoski,E. Oinaskallio.
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TV: 29.10.17:10.YLE 1, Prisma,A documentaryaboutquasarresearchat Metsähovi, M. Tornikoski andA.
Mujunen(Replayon31.10.)

18.11.A lectureaboutspace-VLBIandquasarsat theamateurastronomyassociationURSA,M. Tornikoski.

Lectureto the astronomyspecialitygroupof the Anttila JuniorHigh School: radio astronomicalresearch,
recentdevelopmentsin astronomy, andthework of anastronomer, 9.1.,M. Tornikoski
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9 Personnelin 2003

PermanentPositionsfunded by the Helsinki University of Technology

Urpo,Seppo,Prof.,Dr.Tech. Directorof theinstitute Seppo.Urpo@hut.£
Docent

Hurtta,Solveig,Ms. Secretary, parttime Solveig.Hurtta@hut.£
Mujunen,Ari, Dipl.Eng. Laboratoryengineer Ari.Mujunen@hut.£
Oinaskallio,Erkki, Mr. Technician Erkki.Oinaskallio@hut.£
Peltonen,Juhani,Dr.Tech. Laboratoryengineer, parttime jussi@kurp.hut.£

Scienti£cand TechnicalStaff Fundedby Research Contracts

Hovatta,Talvikki, student Researchaid, full time27.5-31.8.2003,
parttime from 1.9.2003 tho@kurp.hut.£

Koski,Minttu, Engineer Researchaid,parttime minttu@kurp.hut.£
Researcherfrom 1.6.2003

Könönen,Prisse,student Researchaiduntil 30.9.2003 prisse@kurp.hut.£
Liljeström,Tarja,Lic.Phil. Researcher, parttime tml@hut.£
Lindfors,Elina,M.Sc., Researcher, from 1.8.2003
Lindfors,Timo non-militaryservice lindi@kurp.hut.£
Lähteenmäki,Anne,Dr.Tech. Researcher alien@kurp.hut.£
Nieminen,Jussi,student Systemsadministration,until 30.6.2003
Nieppola,Elina,student Researchaid,1.6-31.8.2003
Parviainen,Mikko, student, Researchaid pare@kurp.hut.£
Ritakari,Jouko, Dipl.Eng. Researcher jr@kurp.hut.£
Rönnberg, Henry, Mr. Mechanic
Saloranta,Pia-Maria,student, Researchaid,parttime from 1.2.2003 pia@kurp.hut.£
Sjöman,Pekka,Dipl.Eng Researcher, parttime psj@kurp.hut.£
Teräsranta,Harri, Dr.Tech. Researcher hte@kurp.hut.£
Torniainen,Ilona,Dipl.eng. Researcher, ilo@kurp.hut.£
Tornikoski,Merja,Dr.Tech. Docentof RadioAstronomyand Merja.Tornikoski@hut.£

SpaceTechnology
AcademyResearchFellow,
Academyof Finland,ResearchCouncil
for NaturalScienceandEngineeering

Tröller, Mirko, M.Sc., Researcherfrom 1.11.2003 mtr@kurp.hut.£

Metsähovi Advisory Committee

Korpela,Seppo,Dir. Tanskanen,Pekka,Prof.
Pellinen,Risto,Prof. Tiuri, Martti, Prof.emer., M.P. (Chair)
Somervuo,Pekka,Dr.Tech. Urpo,Seppo,Prof. (Secretary)
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