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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
during 1993 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
are2 ®¢ 150 GHz, andthe correspondingvavelengths150 ¢¢¢2 mm. Theresearctin 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 2003thetotal expenditureof the Metsdhei RadioObsenatorywasabout700000euros jncludingsalaries.
Thiswas£nancedy:

Helsinki University of Technology72 %
Academyof Finland24 %
Others4 %



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

ResearclGroupat Metsdhei: Urpo, PeltonenMujunen,Oinaskallio,Ritakari,R6nnbeg, Sjoman

2.1.1 Planck 70 GHz Recever

ProjectTeam:Sjéman PeltonenR6nnbeg

During year2003Metséh@i wasinvolvedin the Planck70 GHz recever building andmeasurementdViet-
séhwi contritution wasaboutoneman-yearfor the work. The Plancksatellite70 GHz ElegantBreadBoard
(EBB) recever, Figurelaandlb, was£nalizedat the beginning of theyear2003. Therecever passedlmost
all requirements.The only point wheremorework is still neededvas powver consumption.That work was
decidedio be madewith the EM-receversbecaus®f lack of the LNA andphaseswitchMMIC chips.

a) b)

Figurel: a) EBB-recever FrontEnd Module (FEM) b) The explodedview of the FEM.

Thetestsystemwasupdatedor the EM-recever test,wheretwo full recevers(4xEBB)weremountednside
the cryochamber Also datacollection systemandall other external electronicswere updatedfor the EM-
recevers.

The EM-recever testswere almost£nishedat the end of the 2003 and it seemspromising. The average
noisetemperaturevasabout30K over the 63-77GHz operationbandwidth,1/f-kneefrequeny waslessthan
50 MHz andthe power consumptionproblemswith the EBB were solved and the power was also within

requirementsFor theoneFEM (8XLNAs, 4xphaseswitchesXhe power consumptiorwasabout20 mW at 20
K physicaltemperature.



Figure2: EM-recever testsystemwith opencryochamber

2.1.2 3and 2 mm SIS Recevers

Projectteam:PeltonenMujunen,Oinaskallio,Urpo

The completelynew mm-wave recever for 3 and2 mm wavelengthalesignedat Instituteof Applied Physics,
RussianAcademyof SciencesNizhny Novgorod, Russiawasdeliveredto Metséhei in May 2003. This is
the£rstSIS mixer recever with closedcycle heliumcoolingsystemn Metsdhei RadioObsenratory. During
theyear2003IAP personneimadethreecampaigngo Finlandin orderto make therecever operational.

This very complex recever consistsof a vacuumdewar, quasiopticakystemin front of the dewar windows,
two phase-lockd LO sourcedor both bands,|F processinginit andremotecontrol systemfor the tuning of
therecever. InsidethevacuumdewarthreeSIS mixersareinstalled,two for 3 mm (84-115.5GHz, possibility
for simultaneousirculardual-polarizatiormeasurementgndonefor 2 mm (129-175GHz). Thesearetuned
by noncontactindbackshortsith the remotecontrol unit. Dependingon the backshoripositioneitherDSB-
or SSB-operatiowanbe achieved, thelatterbeingdesirablefor VLBI-obsenations. SIS mixer mountsinside
the dewar are cooleddown to 4.5 K with a helium closedcycle refrigeratorRDK-415E (SumitomoHeavy
Industries,Tokyo, Japan).CryogenicHEMT IF ampliferswith centerfrequeng of 4 GHz andbandwidthof
1 GHztogethemith compatiblecryogenicisolatorsarealsoplacedinsidethedewar.

Thelocal oscillatorsourcefor the3 mmbandis anInP Gunn-oscillatomanugcturedby RadiometePhysics,
Meckenheim,German. The tuning rangeof this oscillatoris from 80 to 115 GHz with minimum outputof
6 mW. During the preliminarytestsone diodefailed probablydueto bias oscillationscausedy the power
supply The Gunnmountwassentbackto Germary to berepairedandafter replacementf a new diodethe
LO sourcehasoperatedsinceproperly For phaselocking the Rohde& Schwarz synthesizeis usedwith a
harmonicmixer to createthe PLL IF signalat275MHz. This mixing productis dividedby 11 andthe5 MHz
frequeng standards multiplied by 5 in orderto make the phasecomparisorat 25 MHz. For 2 mm bandthe
basicLO sourceis a widebandtunableBWO with a high voltagepower supply The phasdocking schemeés
otherwisequitethe sameasdescribedabove.

The completerecever systemwaslifted up to the antennashowvn in Figure 3) to testthatit will mechani-
cally £t into the antennaing with complicatedquasiopticafeedsystem(Dicke chopperetc.) in front of the
recever. Many partsof therecever arealreadyoperationalhowever the IF processingunit still needssome
improvementshefore£nal operationatestscanbe carriedout.



Figure3: Pictureof the 3/2 mm SISrecever ontheantenna.

2.1.3 Geo-VLBI Recever

Projectteam:PeltonenMujunen,Oinaskallio,R6nnbeg

Thelarge subrerectowith diameterof 1.7 m neededor the low frequeng (centerfrequencies3.4and?2.28

GHz ) Geo-VLBI recever wasdesignedat GeodeticObsenratory by M. Paunonen.The dishwith a hyper

boloidal shapewas manugcturedfrom carbon£berandsilver platedat ET-Tuote Oy, 51980Lauteala(Esa
Takkinen)anddeliveredto Metsahei in 2003. The supportstructurefor this subreaectohasbeenconstructed
in our workshop. The dimensionsfor the feed systemwere originally given in the operationmanualpre-
paredby TTI (Tecnologiasle Telecomunicacionesdela Informacion,SantanderSpain)personnendsome
correctiongivenby the GeodeticObsenatory The £nalfocalisationsystemis shovn in Figure4.

Thenew subrerectois placedn front of theoriginal one thereforesimultaneousbsenationswith millimetric
receversarenot possible. Thearrangemenis shavn in Figure5.

The£rstoperationatheckof thereceiverwasdonesuccessfullyor the X-bandchannel At roomtemperature
the noisetemperatureés around180 K andat cryogenictemperature$T amb= 13.6K) 94 K, respectrely.
The S-bandsensitvity cannotbe measurediueto the large coaxialantennastructurewhich would needan
extremelylarge nitrogenload for the Y-factormeasurementThe noisetemperaturdor S-bandgiven by the
TTI manualat cryogenictemperaturess 102K.

2.1.4 Maintenanceand Upgradesof Recevers

Projectteam:PeltonenOinaskallio

In 2003 both the 22 GHz Dicke-switchedcontinuumand the 22 GHz cryogenicVLBI recevers operated
without ary failure. Heary thunderstormsluringthe summercausedor the 37 GHz recever a failurein the
remotecontrol system. The waveguide switch which selectsbetweencontinuumor Sunobsenationshadto
be switchedmanuallyin the antennaower. The switch driver unit hasbeensincerepairedsuccessfullythus
theremotecontrolis again operational.

Ylinen Electronicsdeliveredtwo new LNA's for the dual channeld3 GHz VLBI recever. Theseamplifers
(basedbnthe MMIC techniquesyvereinstalledin thereceverto replacetheold defectve ones.Themechan-
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Figure4: Focalisationsystemof thegeodeticVLBI recever.

Figure5: Pictureof the subrecectowith the supportingstructure.

ical dimensionsandconnectorarethesamefor old andnenv amplifersthusthereplacemenivaseasilydone.
Fromthecomplex power supplyunit theold biascircuitry wasremovedandthenew oneinstalledin aposition
to allow easyadjustmenbf the optimumbiaspoints. The connectingcablebetweerthe new biasboardand
thedewar is still neededeforeoperationatestsof therecever arepossible.

2.1.5 IT Infrastructur e

ProjectTeam:Mujunen T. Lindfors



Metsahei computingfacilities are basedon networked Linux computers.A coresetof Linux seners offer
general-purposandobsenationaldatastorage Anothersetof dedicated.inux controlcomputersnanagehe
telescopedataacquisition,andauxiliary servicessuchasGPSreceversandweatherstations Finally, alarger
setof Linux workstationgunningthe X Window Systemprovide accesso Metsahei personnel.

Apart from the centralseners, the installedbaseof general-purposeorkstationsis ageingrapidly with the
meanageof morethan5 years.This hasto beaddresseth thenearfuture. After severethunderstorndamage
in July 2003, the local areanetworking equipmentis, on the otherhand,sufEciently advanced featuringa
gigabit EthernetEberoptic backboneandfour 24-port10/100megabit port wire-speedswitches.Two Allied
Telesynswitcheswere acquiredto allow for the lengthy repairprocessof the existing two Hewlett-Packard
switches. In additionto these,the experimentalfour-PC VSIB VLBI disk-acquisition‘tower” (seesection
2.1.9)featurests internal8-portgigabit switch. The new Allied Telesynswitchesallow easysener connec-
tivity with their extra copperbasedgigabit Ethernetports, andthis is plannedfor the central“/home” and
“/data " NFSseners.Thisequipmentanbeseenin Figure6.

Figure6: The 8-portEdimaxgigabit switchtogethemwith anAllied Telesyn24-port100Mbit switchwith two
gigabit ports.

The obsenratorysiteis connectedo the Internetusinga 2 Mbit/s dedicatedeasedine to university comput-
ing centerandto the Finnish University Network, FUNET. It hasbeenrealizedusingageingleasedcopper

line technology and a more cost-efective way to achieze suchlow bit rateswould be to usevirtualized
commercially-gailable ADSL connections.However, the emeging eVLBI datatransfertests(seesection
2.1.9)would necessitata signiEcantlyfaster1-2 gigabit link to the FUNET backbone.Initial requestfor

a quotationwassentto several serviceproviders,andindeedsolutionsare generallyavailable,including the
preferablesolutionof leaseddark £bergiving acces$o multi-gigabit bandwidthswith COTS low-costequip-
ment. The costsassociatedavith suchleasedEberarestill relatively high andthe applicationfor fundsat the
universitywassubsequentlyejected.

Boththe“/home” and“/data " NFSsenerswith AMD Athlon 1GHz-clasgprocessors512MB of memory
and Linux RAIDO 75GB IDE disk subsystemsre running at their capacityand an immediateupgradeto
250GBfor bothis plannedn 2004.The“/home ” RAIDO pair of 40GBdisksfailedin August2003andit was
replacedvith asingle80GBdisk, resultingin no noticeableperformancealegradation.Thusthefuture250GB
is plannedwith no RAID setupfor simplicity. The existing setupof an equalamountof non-RAIDedIDE
backupstoragefor both“/home” and“/data " areaswill be supplementedvith an off-site “rsync " remote
backupsener with a perpetualdaily snapshotapability This kind of triple redundang will eliminatethe
needfor DAT tape-basedbackupswhich have proved to be impossibleto make without an automatedape
switcher



IDL remainsat version5.4 on “kurp.hut.fi " (2 noatinglicenses)and the maintenancecontracton two
Linux computergledicatedo solarresearchwasdropped Matlabwith sharedicensesupportfrom university
computingcenteralsoremainsat version6.0 on “kurp.hut.fi K

For electronicdevelopment PADS (Mentor) PoverLogicandPoverPCB5.1wereused togethemwith Xilinx
Foundationv2.1i VHDL tools for FPGA development. For future FPGA projects,an upgradeto the latest
Xilinx ISEVHDL ervironmentis planned.

2.1.6 NewHydrogenMasers

ProjectTeam:Qinaskallio Mujunen

Despiteextensve isolation efforts the main stationtiming maser Kvarz69was severely damagedn thun-
derstormsn July 2003. Luckily the backupmaserKvarz70allowed usto continueoperationsandthe man-
ufacturerof masersto performmaintenanceand re-tuningof Kvarz69. Normal operationwas resumedn
approximatelyonemonth.

Theperformanceharacteristicef Kvarz CH1-75masersurpasshoseof our previous EFOS-9signi£cantly
asseenin Figure7. After tuningthe drift rateremainslinear and small for weeksif not monthsandit does
not follow the previously commonparabolic“ageing” pattern. The control electronicsis robust and allows
“hot-swapping”of mostboardswithout disturbingthe normaloperationof the maser

Kvarz69 compared to HP GPS
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Figure 7: The comparisonof Kvarz69CH1-75H maserand HP GPSrecever 1ppspulsesshavs minimal
linearlong-termdrift.

The air conditioningof the nev masercellar reamineda problemthroughoutthe year Despitea multitude
of experimentsthe vendorof the air conditioningsystemwasunableto achieve temperaturestability within
§ 1*C asspecifedn the contract. At the end of the yearthe automationsupplierSiemensEnally found an
experiencedcon£gurefor their PID controllersandstability within § 0.5*C waseasilyachiered. Temperature
spikesassociateavith on-off transitionsof the de-humidifyingsystemarestill presenandwe hopethatthese
will becompletelyeliminatedin the nearfutureand,after2.5yearsof trial anderror, the masercellardelivers
therequiredervironmentalconditionsto matchthe £neperformancef themasers.



2.1.7 Clock DifferenceMeasurements

Projectteam:Koski, Oinaskallio,Mujunen

Therewasa needto designa new clock differencecounterto replacethe old one. For VLBI measurements
theclock differencehasto beknown. New countercouldnt beboughtbecauséf therewereary in themarlet
they werevery expensve.

In Figure8 is theblock diagramof the new clock differencecounterClodi 5.

Figure8: Theblock diagramof thedesignedlock differencecounter

Theold VTT ATA clock comparatomeasuredhe clock differenceoncein tenminutes.Someof its channels
werebroken. Now it doesnt work atall.

The new counterwill comparethe clock differenceevery second.It will have inputsfor MasterPPSsignal
andtenclock signals. It hasa crystaloscillatorof 100 MHz. The countercalibratestself by comparingthe
oscillatorsvalueto the valueof MasterPPSproducedyy the H-masersThe CPLDs(Complex Programmable
Logic Devices)are nowvadaysso fastthey canbe usedto make counters.The MasterPPSsignalis delayed
by oneclock periodona CPLD. Oneperiodis 10 nsfor the frequeng of 100 MHz. In a systemthathasten
channelghe delaybeforethelast CPLDis 100ns.

The new clock differencecomparatomwill have aneightcharactedisplay The uncalibratecclock difference
betweertwo channelstheotherbeingthe signalfrom the H-maserscanbe easilyread. The calibratedvalues
of all channelswill besaved.

In Figure9 is ameasuremerftom Decembef003by the prototype.

A two channelprototypewas designedand built. After beingtestedit replacedthe old clock comparatar
Figurel0andFigurell.

Theneaw tenchannekounteris now designecandbeingassemble@dndis soonreadyto betested.



Figure9: Datafrom the prototype.

Figure10: The prototypeis beingtested

2.1.8 New Observational Software

ProjectTeam:Mujunen

This projectwaseffectively halteddueto manpaver problems.

2.1.9 Developmentof Next Generation VLBI Recording Systems

Projectteam:Ritakari Mujunen



Figurell: Theprototypehasreplacedheold clock comparatar

The MRO disk recorderdesignwascompletedn year2002anda total of onehundredvSIB dataacquisition
boardsandVSIC corverterboardswereproduced.

In year 2003 the successfullGhit/s VLBI experimentserieswas continued: Metsdhei and CRL/Kashima
succeedeth gettingthe £rstinternationall Gbit/scontinuumfringesin February2003.

In March 12th 2003Metséahei andJodrellBank Obsenatory succeedeth the £rst EuropearilGhit/sVLBI
experiment. The datawasrecordedwith MRO-designedystemstransferredo JIVE via Internetandplayed
backwith Mark5A terminals.This provedtheinteroperabilityof MRO disk recorderandMark5A terminals.

In Junel7th2003Metsahei andCRL/Kashimasucceedeth the £rstinternational Gbit/sexperiment.Data
wasrecordedwith MRO-designederminalsat Metséh@i andPC-VSlterminalsat Kashima.Metséhei data
wastransferredsia Internetto Kashimaandcorrelatedwith a high-speedoftwarecorrelator

In the fourth quarterof 2003interesthasbeenfocusedn evaluatinghigh-speednternetprotocolsfor eVLBI.
Several candidateprotocolshave beenfound: Sakul, UDT, Tsunami,Fobs,ReliableBlastUDP andGTR In
thepreliminarydatatransferteststo JIVE the MRO teamachiezed an orderof magnitudemprovementto the
normal TCP/IPtransferspeed.

2.1.10 Solar Monitoring Telescope

ProjectTeam:Urpo, Mujunen,Oinaskallio

Sunantennds a separatesmallsizerecever systemdesignedo obsere thetotal aux of the solarmicrowvave

radiationwith apassandof aboutl GHzaroundcenterfrequeng of 11:7 GHz. Rathersimplifedconstruction
consistf standarccommerciaimicrovave front end,self designedF-electronicsanddataacquisitionby 16-

bit A/D-corverter The sizeof the mainbearrin radiationpatternof the antennas approximatelyl: 1%, which

is enoughto obsere thetotal aux of the Sun's hemisphere.

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 subtracted.

10



Figure12: Sunantenna.

Controlsystemof theantennas usingquitelargely thesamecomputerandelectronicsarchitectureasthemain
telescopef 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-
surementsmaintenancandtwilight/night time. An exampleof obseredeventsis includedin chapter2.6.3.

2.2 VLBI Obserational Activities
2.2.1 GeodeticVLBI Project

ProjectTeam:Mujunen Urpo, Oinaskallio,R6nnbeg

The swap-in/swap-outmountingsfor the new 1.7 m geodeticsubrecectowere designedand manufctured.
The subrexectors madeof silver particle suspensiorcoatedcarbon£ber(undera contractby the Geodetic
Instituteto ET-TuoteQy). An additionalaluminiumhoneg/combsupportingbackstructurevith four mounting
studswasmanugcturedn-houseto facilitatea tool-lessrepeatablénstallationof therezectoito thetelescope
secondaryocus.

A new lift systenwasdevisedandinstalledinsideradomealuminiumsupportframe. This makesit possible
to steerand managethe subrerectoimto the correctpositionbeforesnappingt into the supportlugs of the
secondarfocusmount.

The S/X bandrecever was split in two halvesto facilitate lifting it into the pedestal. The feedhornswere
separateat SMA (S) andwaveguide(X) jointsto reducetheweightof the halvesto a manageablével.

11



After laseralignmentanddistancegaugingthefocusingof the subrecectowasveri£edin a seriesof trial total
power obsenrationsof CygnusA andCassiopeia which producedhe beampatternsllustratedin Figurel13.

20 T T 1 T

"el" us'ing 45 ——
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Figure13: Obsenationsof CasAandCygnusAat S-bandand X-band (from top S-CasA,S-CygA, X-CasA,
X-CygA) conErmthatthe currentsubrerectopositionis sufEcientlyfocused.

Thereare a few remainingproblemsregarding to recever autonomougsontrol systemand auto-controlled
vacuumpump and cryocoolerpower switches. Additionally, the phasecal injector needsa newv pedestal-
mountedenclosurewith power supply and RF electronics,andthe cablelength measuringsystemmustbe
addedfor routinegeodeticS/X bandobsenations.

2.2.2 Station Hardware/Software

ProjectTeam:Mujunen Oinaskallio,Ritakari

The recordingquality of our single-headstack'LBA4 recorderremainslessthan desirable. Numerousat-
temptsto revealthe underlyingproblemhave all failed,andonly vaguespeculation®f headstackvearout or
miscontouringemain.

One-15VDC power supplyof our VLBA dataacquisitionrack failed just beforethe June2003 sessiorand
hadto bereplacedwith atemporarysetup.It wasproperlyreplacedafter the session.Futurefailurescanbe
expectedsincethe DAR is alreadyl1 yearsold.

The total power detectorsof IF distributor C/D still have a fault resultingin zeroreadouts preventingfull-
band Tsys measurementsf the astronomyRCP channel. Approximately£ve BBCs have synthesizer/PLL
faultsand/orTPI problems—8BCsremainavailable.

2.2.3 VLBI Sessionsn 2003

ProjectTeam:Mujunen

Only two EVN VLBI sessiongontainedbsenationsatK band,22 GHz,in FebruaryandJune2003.A total
of eightthin tapeswereshippedto the JIVE correlator Due to manpaver limitations, Metsahei did not par
ticipateary CoordinatedMillimeter VLBI Array (CMVA) sessionsn 2003. Thearrayitself wasrestructured
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in 2003asthe coordinatiorresponsibilitywastransferredrom HaystackObsenatoryto Max-Planckinstitut
fur Radioastronomiajnderthe new nameof the Globalmm-VLBI Array.

2.3 Extragalactic Radio Sources

Researcltisroupat Metsahei: Urpo, LahteenmakiTerasrantaJornikoski

2.3.1 Monitoring of Quasars

ProjectTeam:TerdsrantaHovatta, T. Lindfors

Thequasamonitoringwith theMetséhaei radiotelescopeontinuedor the23rdyear Eventhetotalobserving
time waslessthan40%from totaltime, nearly39000obsenrationsweredone. Thiswasduefrom the specially
dry year which resultedin goodobservingweather About 60% of the obsenationswereat 22 GHz, while
therestwereat 37 GHz. During the year2004we shouldhave the newv 2/3 mm cooledrecever in operation.
Takingin accountthelocal attenuatiorievel from sky andradomejt is unlikely thatmonitoringof quasarsat
900r 150GHzwill everberealistichere. Thenew receveris still helpfulin studyingtheantenngerformance.

Figurel4: Yearly QSOobsenationsin the monitoringprogramsince1979.

The poor £nancialsituationforced us to do over 70% of the obsenationsin automaticmode. Many nights
obsenationswere naturallylost asdew fell on the radome. The total numberof obserationssince1979is
now over 56000.The numberof yearly obsenationsareshavn in Figure14.

Preparatiorfor the next gamma-raysatellitesAGILE andGLAST continuedby observinga large sampleof

aatspectrumAGN at22 and37 GHz. With the Metséhei receving systemit is not possibleto really monitor

asampleof AGN down to 0.5 Jy levels, currentlynotevento 1.0Jy. Thestrongersourcegetafair sampling,
while we mustbe satisEedo a few yearlypointsfor thewealer sources.
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Thelaunch-timeof AGILE seemso drift forwards;now it is expectedto ay from theyear2005. This should
give aspecialopportunityto have bothAGILE andGLAST observingatthesametime for awhile. Theground
supportteamsshouldthendoubletheir efforts, if the satellitesobsere mosttimesdifferentpartsof the sky.
With suchsmalltelescopessMetsahai, this would be quite difEcult.

Anotherinterestingmissionwill bethe Japanes®#AXI, anall sky X-ray monitor, which will beinstalledon
the ISS. Continuousaux curvesarethe key for analysingthe variability in all wavebands.The connections
betweerthe X-ray aux comingfrom theinneraccreatiordisc andthe ejectionof freshcomponentalongthe
superluminajet will be studiedwhenMAXI is operational.

During theyear2003the monitoringteampatrticipatedn numerousampaignsinostly supportingX-ray ob-
senationswith XMM andRXTE. Also the WEBT campaignsveresupportedvhenpossible.An exampleof
along-termvariableAGN is shavn in Figure 15, which shavs the aux of NRAO 150at 22 GHz sincel1982.
This sourcdlies behindthe galacticplaneandthusthereis notyetanopticalidenti£cation.In theselongterm
variablesprecessions a notevorthy explanationfor the behaiour. It is clearthatvery long termmonitoring
is neededo con£rmif thesevariationscomein a periodicway.
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Figure15: Therux densityof thequasatNRAO 150at22 GHz since1982.

2.3.2 AGN Science

Team: Tornikoski, LAhteenmakiTorniainen,Parviainen,Hovatta, Tréller, E. Lindfors, SalorantaNieppola,
Valtaoja(Turku), Ojala(Turku), Lainela(Turku)

Inverted-spectrursourcesandcandidates

As part of our work on the Planck-satellites extragalactic foreground science(see2.4) we continuedour

study of the inverted-spectrunsourcesand candidates.This includesthe so called GPS(GigahertzPealed

Spectrumsourcesaswell assourceghatat leastsometimegduring certainactivity stageshave continuum
spectrathat becomeinverted. Our earlier studieshave shavn that the behaiour of thesesourcescan be

extremely interesting,and historically someof the actiity behaiour hasbeenmisinterpretedand sources
misclassif£edbecauseacientifcconclusionshave sometimedeenmadeusingtoo sparselatasets.

When studyinginverted-spectrunsourcest is essentiako collect as much dataas possiblefrom different
frequenciesn orderto outline the spectralshape.In our studywe originally wantedto identify new inverted-
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Figure16: Some but only very few, sourceslassi£ed
as GPSsourcesn the literature seemto have a gen-
uinely corvex spectrum,the shapeof which remains
the sameduring all the activity stagesalsoduring si-

multaneousnultifrequeng datataking(redcrossegor

the RATAN-600datafor 0642+449%nd0923+392).

spectrunsourcesandgathereddatafrom the literature,madeobsenationsandplottedthe continuumspectra
for sourcedn the Metsahei quasarsample. Surprisinglymostof the 'bona £de’ inverted-spectrunsources
turned out to be mat spectrumsourceswith spectrathat becomeinverted only during outhursts. A draft
manuscriptof our study on inverted-spectrunsourceswvas preparedn 2003, but the work wastemporarily
pausediueto llona Torniainens maternityleave andthe papemwill be submittedn the £rsthalf of 2004.

We have also studieda comparisonsampleof inverted-spectrunmadio galaxies. Statisticalanalysisof the
varioustypesof inverted-spectrunsourcesand candidatesnay reveal someconnectionsbetweendifferent
populationsand clarify the classi£catiorof the sources.We have alreadygathereda relatively large set of
obsenationsfor thesesourcesandthe actualscientifcanalysis consistingof clusteranalysisandanalysisof
varianceof the clusterswill continuein 2004.

In collaborationwith Kaj Wiik from ISAS, Japan,and TuomasSavolainenfrom Tuorla we have studieda
setof newly identifedGPSsourcedy usingVLBI obsenations. The sourcesverechoserfrom our group's
suggestionfor new GPSsourcecandidatepresentedh Tornikoskietal. 2000,AJ 1739& 2001,AJ121.The
VLBI obsenationsweremultifrequeny (5, 8, 15,22 and43 GHz, including polarization)obsenationsmade
usingthe VLBA network. The VLBI imageswerereducedn 2003,andnow we arein the procesof making
scientiEcconclusionsaboutthe datasetsandwriting paperspresentingour dataandscienti£cresults.

During our Metséhei continuumobsenrationsof theinverted-spectrursourcesve have alsocaughtsomeof
the sourcesn exceptionallyactive statesandinitiated multifreqeueng obsenationsfor thosesources.Some
of thesesourcesverealsopartof our collaborations VLBA obsenrationsin 2003. Thedatawill bereducedn
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2004.

High-pealedBL LacertaeObjects

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

Figure17: BL LacertaeObjectswhich werefaint ac-
cording to their historical low-freqeueng data, but
whichwerefoundto have S37 %21 Jyin our Metséhwi
obsenations. The instantaneou®ATAN—600 spectra
weretakencloserto the 37 GHz observingepochthan
the historicaldatapoints,andit canbe seenthatthese
sourcesndeedseemto bein anactive statenow.

Thetwo mainBLO subclassesheradio-selecte@LOsandthe X-ray-selectedBLOs (Y4 HBLS), areaproduct
of differentdiscovery techniques. Currentlyit is not known whetherthesetwo classesf objectsare two
extremesof theBLOs, theobsenedpropertiesof whicharede£neddy thejet orientationor whetherthey have
intrinsically differentproperties The newly discoveredclassof IBLs seemdo consistof sourcesntermediate
to theradio-selecte@ndX-ray selectecsampleslt is still unclearwhetherthe detectionof the IBLs wasdue
to a selectioneffect when producingthe sample,or whetherthe samplerepresentshe actualdistribution of
BLOs, shawving a continuoudlistribution of propertiedfrom the HBLs to the LBLSs.

In generalthe HBLs/XBLs have beenexcludedfrom high-frequeng radiostudiesbecausehey areassumed
to bevery faint. In 2001our groupstartedto obsere a completesampleof BLOs, includingmary IBLs and
HBLs, andthe work continuedin 2002—2003.The sampleconsistsof 462 BLOs or BLO candidategrom
the Veron-Cetty& Veron2000catalogueput someof the sourcedn the original list aretoo Southernto be
obsenedin Metsédhei. Theobserationsin Metsahei weremadeat 37 GHz, but we have alsomadesome90
and250GHz obsenationsfor thesesourceaisingthe SEST andin our SESTobsenationswe have alsobeen
ableto includesomeof the moreSoutherrsources.

The purposeof this studyis to geta full understandingf the spectralenegy distribution of the BLOs, all
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theway from theradio-selectedo X-ray selectedBLOs, andto seeif thereis a continuity from subsampleo
subsamplandif this £tswithin theframework of theuni£cationmodels.

By the endof 2003we hadobsenred almostall of the sourcesn our BLO sampleat leastonce,andfor mary
of the sourceswve hadgatheredseveral epochsof 37 GHz data. The interpretationof the scientiEcresultsis
now in processhput we canalreadyseethattherehave beenmary casesvherea BLO initially thoughtto be
too faint to be detectedat our frequeny bandhasafter all beenrelatively bright, eitherbecausét happened
to bein anactive state,or becausét possesseaninvertedcontinuumspectrum.n orderto betterunderstand
their variability behaiour we arecontinuingour obsenations,andwe have alsostarteda collaboratve effort
with agroupleadby Dr. S. A. Trushkinfrom the SpecialAstroptysical Obsenatoryin Russiawherewe use
the RATAN-600telescopédo obtaininstantaneoug—22GHz continuumspectraor alarge setof our sources.
We alreadyhadavery successfuRATAN—6000bservingunon Novemberl0—-15,andarescheduledor more
obsenationsin 2004.

Gamma-rayandradioemissionin Active GalacticNuclei

Our grouphascontinuedo studytherelationshipof the gamma-rayandradioemissionin AGNs.

Oneof our main multifrequeny observingefforts in 2003wasthe useof the Metséhei telescopgandto a
certainextent, also SEST)for millimetre-domainsupportof INTEGRAL satellites gamma-rayobsenrations
of blazars. We were co-irvesticatorsin several INTEGRAL observingprojectsin 2003. We maderadio
obsenationsfor the target sourcesduring the INTEGRAL pointings,but alsotried to geta good sampling
beforeandafterthe actualmultifrequeny sessionsn orderto geta betterunderstandingbouttheir current
activity behaiour. It turnedout thatsomeof our INTEGRAL sourcesverein avery faint state,but at least
oneof themwasin anexceptionallybright multifrequeng state(seesubsectiofENIGMA network” for more
information).

We also continuedour theoreticalwork on radio to gamma-rayconnectionsn AGNs. We £ttedthe radio
spectraof 21 AGNsto obtainasaccurateas possibleestimatef the synchrotronpeakfrequencies.In the
pastthe spectralEts have omittedthe radio dataalmostcompletely andsothe derived peakfrequenciehave
beenunreliable.We wantedto studythe sequencén AGN propertiesaccordingto the obsered synchrotron
peakfrequeny npear, suggestedy Ghisellini et al. (1998, MNRAS, 301, 451). Our preliminary results
suggestedorrelationbetweempeakandthe“Comptondominance’{calculatedsimply astherelationbetween
gamma-rayandradio emission). A closerinspectionproved thatthe dependenciesiere actuallydueto the
Dopplerfactor andthecorrelationdisappearehenusingDopplercorrectedvalues.The samehappensvith
the correlationof npeax andthe luminosity. However, thereis a signiEcantcorrelation(> 99:9 %) between
Npeak@ndthe Lorentzfactorof therelatvistic jet (i.e. the speedf thejet) — thehigherthe speedthelowerthe
synchrotrorpeakfrequeng.

This studywaspartof Pia-MariaSalorantes Masters thesis.Her thesiswork wasstartedn summer2003and
completedoy theendof theyear

Continuingtheresearclstartedin her Masters thesis,Elina Lindfors hasbeenstudyingthe emissionmecha-
nismandorigin of gamma-ray$rom quasarsCommonapproachin previousworkshasbeenthatthe gamma-
rayswould originatecloseto the ape of therelatwistic jet, while Lindfors et al. have studiedthe possibility
that mostof the gamma-rayemissionwould originatefrom shockspropagting downstreamin the jet. It is
well establishedhat mostof the radio emissionoriginatesin theseshocks.Using aux monitoringdatafrom
Metsahwi andotherradio obsenatoriesthe grouphasmodeledthe spectreof the radio emissionandcalcu-
lated the resultinggamma-rayspectraand comparedt to gamma-rayobsenationsfrom Comptonsatellite.
Thestudyon blazar3C 279 shavedthatit cannot beruled out thatthe gamma-rayemissiorwould originate
from the shocksandthereforethework on this modelcontinues.

ENIGMA network

2003wasthe£rstyearof operatiorof theEC-fundedesearchrainingnetwork ENIGMA (“EuropearNetwork
for theInvestigationof GalacticnucleithroughMultifrequeng Analysis”). Thisis alively collaboratve effort
betweereightEuropeannstitutesthathave beenactively involvedin AGN studies.TheMetsahai coordinator
for this projectis M. Tornikoski.
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The scienceactiities of this network areaddresseth six complementaryesearchthemeswhich areclosely
connectedo eachother The empiricalprojectsareaimedat maximizingefEcieny by teamingup obsena-
tionalresourceandcoordinatedcampaignsThetwo theoreticathemeshave mary links betweerthemseles,
andclearconnectiongo theempiricalsubjects.

Figure18: In August2003the source0716+714wasobseredto be brighterthanever at 37 GHz. Because
this sourcewasto be the target of the ENIGMA-network's multifrequengy obsenationsin November we
immediatelyalertedour collaboratorgo obsere it moreintensely Theoux behaiour of 0716+714attheend
of 2003wasvery complex andwe recevvedlots of interestingmultifrequeng dataduringtheseactiity stages.

Duringthe£rstENIGMA yearwe participatedn two network symposiumsandactively took partin preparing
for the £rst ENIGMA multifrequeng observingcampaign. The campaigrturnedout to be extremelyinter-

estingbecausdhe sourcewasin an exceptionallyactive stateespeciallyin the radio wavebands.Our team
madealreadypre-campaigmbsenationsbeforethe plannedobservingepoch(which wascenteredaroundthe
INTEGRAL pointingsof the source)andwe wereableto alert otherteamsto alsointensify their observing
efforts. Our teamusedMetséhei andthe Jame<Clerk Maxwell TelescopgJCMT) on MaunaKea,andwe
alsocollaboratedvith Wiik & Sarolainenin makingVLBI obsenrationsusingthe VLBA network.

In November2003a PhD studentfundedby ENIGMA, Mirko Troller from Heidelbeg, Germary, startedto
work in ourteam.

AGN sciencewith the SESTtelescope

Our grouphasbeenusingthe Swedish—ESCsubmillimetreTelescopeSEST alreadysince1987,andalsoin

2003 we hadseveral observingsessionsat SEST (projectsrelatedto INTEGRAL-satellites multifrequeny

supportas well as obsenationsof BLO and GPSsourcesamples). This year however, was exceptional,
becaus&SESTwasto be decomissioneéh August,andsoit is timeto brieaylook backandsummarizevhat
we have achievedwith SEST

The Metsahei-Tuorla collaborationhasusedSESTfor continuumobsenationsof varioustypesandclasses
of AGNsat 90 and230GHz, andin 2003with the SIMBA bolometerarrayalsoat 250 GHz. We have been
very successfuin applyingfor observingime, oftenhaving beenallocatedanobservingsessior{or eventwo!)
every “Swedish”month,resultingin asmary assix or evenmoreobservingsessiongvery yearduringthe£rst
10yearsof SESToperation After thatour scientifcemphasisvasshiftedtowardsfew-epochobsenationsof
certainsourcesamplesresultingin longerbut fewer observingsessionsin total we have beenallocatedan
incredible2614hoursof SESTtelescopdime!
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Figurel9: Restin peace SEST!Youseneduswell. (The Swedish-ESCsubmillimetreTelescopeén its earlier
days).

The scientiEcoutputfrom our SESTdatataking hasbeenoverwhelming.Sofar, we have usedSESTdatain
30 papergublishedn internationakefereedastronomicajournals,in morethan50 presentation scientifc
conferencesandin one Masters andthreePhD Theses.We arestill in the processof analysingour SEST
datasetsin detail,andtheresultswill beusedin mary additionalpaperghatwill besubmittedo astronomical
journals.

Now that SESTwill nolongerbe available,we arealreadypreparingoursehesfor new challengesWe have
alreadyusedothersubmillimetretelescope$or our observingprojects,andwe areeagerlylooking forwardto
Finlands ESOmembershi@ndtheaccesso modernESOinstrumentsincludingAPEX andALMA.

2.4 Planck Satellite Science

ProjectTeam:Lahteenmé&kiTornikoski, Parviainen,Torniainen,Urpo, Valtaoja(Turku)

2.4.1 Intr oduction

The Plancksatelliteis designedo mapthe sky at several radio frequenciesandto measurghe cosmicmi-
crowvave background CMB) radiation. At the sametime all foregroundradio sourcesn the sky, including
extragalacticradiosourceswill bemeasuredioo. Our Metsahei RadioObsenratoryandTuorlaObsenatory
Planckcollaboratiorteamis anactive corememberof the PlanckExtragalacticPointSourcedNorking Group.
Thesatellitelaunchis scheduledor February2007.

The maintasksfor our teamhave beenthe developmentof the PlanckQuick DetectionSystemsoftwareand
the de£nitionof its triggering criteria, the constructionof the Planck Pre-launchCatalogof point sources
(including obsenationsand analysisas well asthe delivery of the datafor the Catalog),and analysingthe
scientifEcdataof extragalacticpoint sourcegseethefollowing sections).

The ExtragalacticPoint SourcedNorking Groupheld monthlyteleconferencefor WG coordinatorgA. Lah-
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teenmaki),and the £rst dedicatedWorking Group meetingtook placein Septemberd5 — 16 in London,
United Kingdom. Our representatesin the meetingwere A. LahteenméakiM. Tornikoski, E. Valtaoja,and
M. Parviainen.

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

2.4.2 Quick DetectionSystem(QDS)

The purposeof the Quick DetectionSystemis to provide uswith Planckpoint sourcedatawithin oneweek
from the initial obsenation (almosta whole year beforethe releaseof the PlanckEarly ReleaseCompact
SourceCatalog).Thisis anovel idea,andsuchsoftwarefor a satelliteis now beingdevelopedfor the£rsttime.
QDSwill pick outpointsourcedrom thetime-orderedlatastreanof the satelliteaccordingo pre-determined
criteria, comparethe sourcecux with cataloginformation (is therea known sourceat thesecoordinateshow
stronghasit beenin thepast,hastheauxincreasedigni£cantlyin ashorttime etc),andif necessarysendout
analarmto anoperatorwho will decidewhetherfollow-up obsenationsshouldbeinitiated (Figure20). The
systemhasbeentestedwith 30 GHz simulateddataandthe otherPlanckLFI frequenciesvill beimplemented
next (Figure21). The systemwill probablybe placedin the beginning of Level 2 of the Low Frequeng
InstrumentDPC pipeline.

Planck
Pipeline —= Preprocessiné% Filtering

‘ Detection of point$

‘ Classification
V

Alarm | Observatorie#
. \
Back to Planck PlpellnLa—J

Figure20: Structureof the PlancksatelliteQuick DetectionSystem(QDS). It will bereplicatedfrom prepro-
cessingo alarm,for eachdetector

We have recentlyextendedhescopeof the QDSalsofor galacticsourcesin cooperatiorwith PlanckGalactic
Working Group.M. Parviainenwhois in chage of the codingof the software,will £nishhis M.Sc. thesison
QDSin early2004.

2.4.3 Obsewations and ScientifcAnalysis of the Data

We have startednew observingand dataanalysisprogrammedor the Planckproject. The sourcesamples
includeobjectsthathave never beenobsened at thesefrequenciedbefore,andthe amountof dataanalyseds
unprecedentedNot only aretheobsenationsfor the Pre-launctCatalogimportantin themseles,but we need
to know the behaiour andphysicsat work in thesesourcesaswell. This knowledgeis requiredbothfor the
succes®f the CMB mappingaswell asfor thenon-CMBscience.
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Figure21: a) Un£ltered,simulatedsignalfrom Plancksatellite. b) Signalafter £ltering with a Mexican hat
wavelet£lter.

Theideawasto studynew sourcepopulationsandto getan estimateof how they affect the Planckmission.
Theseinclude,for example,X-ray andintermediateBL Lac objectsandGigahertz-peadd spectrunmsources.
Thenumberof sourcebsenedsofaris morethanfour hundred We arecontinuouslyexpandingour source
samplego includemoreobjects. In the pastmostof thesesourceshave beenexcludedfrom high frequeng
studiesbecausehey arebelievedto be weakin the radiodomain. However, our new obsenationsshav that
mary (possiblyhundredspbf thesesourcesaresobrightin their active statethatthe Plancksatellitecaneasily
detectthem.For detailedresults see2.3.2.

In cooperatiorwith the Extragalactic Point SourcesWorking Groupwe have alsoobsened the unidentifed
andmultipleidentiEcationWMAP pointsourcesmmediatelyafterthereleaseof the WMAP catalogandhave
beenableto identify severalof them.We have alsostarteda programmein cooperatiowith the SpecialAstro-
physicalObsenratoryandotherRussiarinstitutes to studythefainteraat-spectrunsourcesvith RATAN-600.
The£rstobserationsweremadein autumn2003,andfurthersessiongareplannedhrough2004andonwards.
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Oneof thetasksin bothde£ningtheparameterfor our Quick DetectionSystemaswell asin planningmultifre-
queny AGN observingcampaigngluringthe Planckmission,is to studythelong termmillimetre variability
of a large sampleof sourcesandso betterunderstandheir variability and variability timescalebehaiour.
Typical variability timescale®f AGNsat 22 and37 GHz have beenstudiedearlierby our team,andcurrently
we are studyinga completesetof high-frequeng radio dataat 90 and 230 GHz of ca. 150 sources.As a
specialinterestfor the Planckproject,we arealsolooking at the possibility of predictingactivity in a source
baseckitheron statisticsor obsenedaux behaiour of the source.For detailedresults see2.3.2.

2.5 Observationswith Other Facilities

Swedish-ESGsubmillimetreTelescop€SEST),CerroLa Silla, Chile:

14.-17.2. 32 hoursof 90 GHz continuumobsenationsfor the project“Millimetre to high-enegy connection
in blazars”,P.I. M. Tornikoski, Co—I LAhteenmé&kiTorniainen;obserer T. Savolainen.

1.-3.4.,32 hoursof 90 GHz continuumobsenrationsfor the project“Millimetre to high-enegy connectiorin
blazars”,P.I. M. Tornikoski, Co—I LAhteenmakiTorniainen;obserer M. Lainela.

1.-3.6.,32 hoursof 1.2mm SIMBA bolometerarrayobsenationsfor the project“Millimetre to high-enegy
connectionin blazars”,Pl. M. Tornikoski, Co—I LahteenmakiTorniainen;obsener M. Tornikoski.

Jame<Llerk Maxwell TelescopdJCMT), MaunaKea,Hawaii:
9.-13.11.16 hoursof SCUBA bolometerarray450/850umphotometryandpolarimetryfor the project“Mul-
tifrequeny Obsenationsof Two Intraday-\ariableAGNs”, P1. andobsenrer M. Tornikoski.

INTEGRAL-satellite

5-7.1.11.1.,17.-18.1.16.6.,18.7.,project“The Physicsof AGN: a DeepUnderstandingf the Quasar3C

273" PI1. T. Courwisier, Co—I M. Tornikoski

1.-5.6. project“The Hard X-Ray and CorrelatedMultifrequeng Propertiesof the Blazar3C 279", PI. W.

Collmar, Co—I M. Tornikoski

10.-17.11 project‘InverseComptonCatastrophandPair Creationin thelntraday-\ariableSource9716+714
and0836+71",Pl. S.Wagner Co—I M. Tornikoski.

Very Long BaselineArray:
VLBI obsenations,includingpolarizationmaps atseveralfrequencie®ntheraringblazarsCTA102,0A129
and0716+714yariousepochsPl. Kaj Wiik, Co—I M. Tornikoski.

RATAN-600telescopef the SpecialAstroptysical Obseratory, RussianrAcademyof Science
10.-15.11instantaneoug-22GHz obsenationsof a sampleof BL LacertaeObjectsandGPScandidatesRI.
S. A. Trushkin,Co-I Valtaoja, Tornikoski, Lahteenmaki.

2.6 Solar Reseach

ResearclGroupat Metsdhei: Urpo

2.6.1 Solar Obsewing Campaigns

ProjectTeam:Urpo, Hurtta

Solar obsenations continuedat Metsadhei in 2003. Recever working at 37 GHz was used. Number of
observingdayswas?21. More than100 solarradiationmapswere measurecéndactive regionsweretracked
for 25 hoursin orderto detectenegy burstandreleasest radio waves. No majorradioreleasesventswere
detected Analysisof measurediatacontinuedn internationalkcooperation.
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2.6.2 Solar Data Analysis

ProjectTeam:Urpo

Metsahei solardataanalysiscontinuedn internationalcooperatiorwith Russia.Solarburstsmeasuredvith
the Metsdhei maintelescopavasanalysedisingWignerVille method.Metséhwei solarmapswereanalysed
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Figure22: Solarmapmeasuredh 37 GHz with theMetsdhei maintelescopen July 16,2003. Severalactive
regionsarevisible.

2.6.3 SpaceWeather Observation at 11:7GHz

ProjectTeam:Urpo, Mujunen,Oinaskallio

Sunantennas dedicatedor continuoussolarobsenationswhile the main telescopecould be usedfor that
purposeonly few weeksannually Operationof theinstrumentstartedin August2000. Radio&entsstarting
from few SolarFlux Units up to approximatelya00SFU canbe recorded.Logarithmic channebill increase
thedynamicalrangefrom thatessentiallyAll togetherover 100 eventsduring2003wereobsened.

2.7 Radio Spectroscopy
2.7.1 SpectroscopicSpaceReseach with the Submillimetr e Wave Satellite Odin

ProjectTeam:Liljestrom

Odin is a satellitewith a combinedastronomyand aeronomymission. It is designedfor obsenations of
speciedif£cult or impossibleto obsene from ground,especiallywaterandoxygen. It consistsof a1.1m
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Figure 23: Time seriesof solarradiationon October23, 2003, frequeny 11.7 GHz. The sourceeventwas
obsened alsoin otherobsenratoriesat otherfrequencies.At 8.86 GHz it was6200SFU andat 15.4 GHz

10000SFU.

diametertelescopevith four tuneableneterodyneeceverscoveringthe frequeny ranges486-504GHz, and
oneacousto-opticaspectrometefxedat 118.75GHz.

Odinwasdevelopedon behalfof the spaceagenciesn SwedenCanadaFranceandFinland. It waslaunched
into a Sunsynchronougircularorbit in February2001andwill continueto obsere until May 2004. Odin's
high angularresolution, high frequeng resolution,large spectrometebandwidths,high sensitvity and/or
frequeng tuning capabilityhave beencrucialin obtainingthe mary interestingresults.

Someof thehighlightsto bementionedaretheH,O line mappingof OrionKL, W 3, DR 21,S140regions,and
four comets.In addition,broadwaterabsorptionines have beendetectedoward the circumnucleadisk and
molecularcloudsof the Galacticcentre.Shockenhancedvaterhasbeendetectedowardthe superngarem-
nantSNRIC 443andin the candidateénfall sourcelRAS 16293-2427 containinga protostaiin its formation
process) Spectrakscanshave detectechewn spectralines(e.g.,PH at 553.4GHz andthe groundtransitionof
the 15 NH3 isotopeat572.1GHz). DeepOdin searche$or molecularoxygenat 118.75GHz have resultedn
very low alundancdimits, which aredif£cultto accommodate chemicalmodels.A SpecialLettersEdition
(Astronomyand Astroptysics 402, May I, 2003) published11 papersof the First Sciencewith the ODIN
satellite;Metsahei wasinvolvedin sevenof thesefrstOdin papers.
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2003.

HjalmarsonA., Frisk, U.O., Olbery, M., Bergman,P, Bernath,P, Biver, N., Black, J.H.,Booth,R.S.,
Buat, V., Crovisier, J., Curry, C.L., Dahlgren,M., EncrenazPJ., Falgarone,E., Feldman,PA., Fich,
M., Florén,H.G., Fredrixon,M., Gerin, M., GregersenE.M., HagstrémM., Harju, J., Haseawa, T.,
Horellou, C., Johanssonl..E.B., Kyrola, E., Kwok, S., Larsson,B., LecacheuxA., Liljestrom, T.,
Lindqvist, M., Liseau,R., Llewellyn, E.J.,Mattila, K., Mégie, G., Mitchell, G.F, Murtagh,D., Nyman,
L-A., Nordh, H.L., Olofsson,A.O.H., Olofsson,G., Olofsson,H., Pagani, L., Persson(., Plume,R.,
Rickman,H., Ristocelli, I., Rydbeck,G., Sandqvist,Aa., von ScheeleF.,, Serra,G., Torchinslky, S.,
Tothill, N.F, Volk, K., Wiklind, T., Wilson, C.D.,Winnbeg, A., Witt. G.: Highlightsfrom the £rstyear
of Odinobsenations.Astonomyand AstrophysicsVol. 402, pp. L39-L46,2003.

OlofssonA.O.H., OlofssonG., HjalmarsonA., Begman,P, Black,J.H.,Booth,R.S.,Buat,V., Curry,

C.L.,EncrenazPJ.,Falgarone E., FeldmanP, Fich,M., Florén,H.G., Frisk, U., Gerin,M., Gregersen,
E.M., Harju, J.,Hasgawa, T., Johanssorl,.E.B., Kwok, S.,LarssonB., LecacheuxA., Liljestrém, T.,

Liseau,R., Mattila, K., Mitchell, G.F, Nordh,H.L., Ohlbeg, M., Olofsson,H., Pagani, L., Plume,R.,

Ristocelli, I., Rydbeck,G., SandqgvistAa., von ScheeleF., Serra,G., Tothill, N.F, Volk, K., Wilson,

C.D.: Odinwatermappingn theOrionKL region. AstonomyandAstrophysicsVol. 402,pp. L47-L54,

2003.

Wilson, C.D.,Mason,A., GregersenE., Begman,P, Black,J.H.,Booth,R., Buat, V., Curry, C.L., En-
crenazpP, Falgarone E., FeldmanpP, Fich, M., Frisk, U., Gerin,M., Harju, J.,Has@awa, T., Heikkila,
A., HjalmarsonA., Juwela, M., Kwok, S.,LarssonB., Liljestrém, T., Liseau,R., Mitchell, G., Nordh,
L., Olber, M., OlofssonH., OlofssonG., Plume,R., Ristorcelli,l., SandqvistA., Tothill, N.: Submil-
limeter Emissionfrom Waterin the W3 Region Astonomyand Astrophysics Vol. 402, pp. L59-L62,
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Milano, L., Tagliaferri,R., Terasrantald., Tornikoski, M., Urpo, S.: A multifrequeng analysisof radio
variability of blazars Astonomyand Astrophysicssubmitted 2003.
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TuorlaObsenatory, Finland,17-21.6.20022003.

5 Tornikoski, M., Lahteenm@kiA., Lainela,M., ValtaojaE., Jussila]., ParviainenM.: Radiospectrand
variability of EGRETblazars.Proceeding®f High-Enegy Blazar Astonomy ASPConfeenceSeries
Vol. 299,eds.L.O. Takalo,E. Valtaoja,TuorlaObsenratory, 17-21.6.2002pp. 229-234,2003.

6 Terasrantat., Wiren,S.,Koivisto, P: Theradioeventsduringthestrongesgammaouthurstsin Blazars.
Proceeding®of High-Enegy Blazar Astonomy ASPConfeenceSeries Vol. 299,eds.L.O. Takalo,E.
Valtaoja,TuorlaObsenratory, Finland,17-21.6.2002pp. 235-237,2003.

7 PyatuninaT.B., Rachimaw, I.A., Zborovskii, Gahuzda,D.C., JorstadS.G., Terasrantal., Aller, M.F.,
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147-15720083.

15 Marchili, N., Villata, M., Raiteri,C.M., Tosti, G., Crapanzand$., Lanteri,L., Aller, H.D., Aller, M.F,,
TerasrantaH.: A multiwavelengthstudy of the OJ 287 variability. Proceedingsof the 2nd ENIGMA
meeting Portoveneretaly, 11-14.10.2003¢ds.C.M. Raiteri,M. Villata, pp.160-1682003.
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26 Tornikoski M: “Millimetre Variability: StatisticsandPredictions” talk atthe PlanckWorking Group6
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discussiorof simultaneousnonitoringof the BL LacertaeObjectPG1553+11in theradio,opticaland
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1 Zaitsey, V.V., Kislyakov, A.G., Urpo, S., Stepanwg, A.V., Shkeley, E.l.: Solarmillimeter wave bursts:
time-frequeng analysis. Metsahei Publicationson RadioScienceHUT-MET-44, 15 p., 2003.

2 Kdnodnen,P: Monitoring the GPSclock offset at Metséhei Radio Obsenatory Metséhei Reports
HUT-KURP-27 12p., 2003.

3 Urpo, S.,Mujunen,A. (editors):Metsahei RadioObsenatoryAnnualReport2002.Metsahei Reports
HUT-KURP-26 33p., 2003.

4 Tornikoski, M, Urpo, S. (toim.): Astrofysiikanratkaisemattomatysymykset.Metsahei Publications
on RadioScienceHUT-MET-45, 2003.

5 Urpo, S.,PuhakkaP, Oinaskallio,E., Mujunen,A., Peltonen,J.,Rénnbeg, H., Hurtta, S., Tornikoski,
M., Terasranta., KondnenP.: Selectedadiomapsandmajorsolarradiocaresmeasure@tMetsdhi
in 1996-2001 Metséhei Publicationson RadioScienceHUT-MET-46, 78 p., 2003.
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6 Urpo, S.,PuhakkaP, Oinaskallio,E., Mujunen,A., Peltonen,J.,Rénnbeg, H., Hurtta, S., Tornikoski,
M., Terasrantat., Kondnen P.: SelectedadiomapsandmajorsolarradiocaresmeasureatMetsadhei
in 2002.Metsahei Publicationson RadioScienceHUT-MET-47,89p., 2003.

7 Ovaska,S., Sjéman,P, Eslkelinen,P.: Theoreticalsusceptibilityof Planck70 GHz radiometerto sys-
tematiceffects. Metséhei Publicationson RadioScienceHUT-MET-48, 15p., 2003.

8 Kislyakov, A.G., Stepanwg, A.V., Urpo, S., Zaitsev, V.V., Mujunen,A.: Evidenceof photospheré&ve-
minuteoscillationsin solarearemicrovave emission.Metsahei Publicationson RadioScienceHUT-
MET-49, 18p., 2003.

3.4 Other Publications

1 Koski, M.: Tarkkojen kellojen vertailujarjestelmarkehittely Insindority6, Helsinginammattilorkeak-
oulu Stadia,2003.

2 SalorantaP-M.: Aktii vistengalaksierenegiaspektrina gammasateilywalinenriippuvuus.Progradu-
tutkielma, Turunyliopisto, Fysiikanlaitos,2003.

4 Visits to Foreign Institutes

EuropearSoutherrObsenatory, CerroLa Silla, Chile, 29.5-6.6.2003\M. Tornikoski.
JointAstronomyCentre Hilo, Hawaii, 7.11.& 13.—14.11.M. Tornikoski.

University of Oxford, Astroptysics,UnitedKingdom, severalvisits, A. Lahteenmaki.

5 Visiting Scientists

Igor Zinchenlo, IAP, Russia,13-18.5.

Vladimir Permina, IAP, Russia26.9-2.10.20-28.10.and13-19.12.
AlexanderkElisee, IAP, Russia1-7.10.,10-20.11.and13-19.12.

Igor Kutznetse, IAP, Russia1-7.10.,10-20.11.and13-22.12.
AlexanderShtaryuk, IAP, Russia,12-27.5..26.9-8.,20.10-4.11.and13-22.12.
Vladimir Maltsev, IAP, Russia13-18.11.

Vyatchesla Vdovin, IAP, Russial2-27.5.26.9-8.10.13-14.11.and17-20.11.
Vladimir Nossw, IAP, Russia26.9-2.10.

Vladimir Gavrilov, IEM Kvarz,1-8.4.,29.9-6.10.

N. Demidoy, IEM Kvarz,8.7.,19.12.

AlexanderStepang, CentralAstronomicObsenratory, Russia1-10.10.

Albert Kislyakov, IAP, Russia,1-10.10.

6 Thesis

Thesisfor thedegreeof B.Sc.
Minttu Koski: A Designfor a ComparingSystemof PreciseClocks.

Masters thesisat Turku University
Pia-MariaSalorantaCorrelationbetweerthe spectralenegy distribution andgamma-rayemissionin Active
GalacticNuclei.
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7 Teaching

Radioastronomyemonstratiofior HUT SpaceTechnologystudents9.4.2003M. Tornikoski, S. Urpo
Supervisoffor Mikk o Parviainens Masters Thesis/ M. Tornikoski

Post-graduateourse‘Unsolved Probelmsn Astroplysics”, spring2003,M. TornikoskiandS. Urpo

8 Other Activities

8.1 Participation in Boards and Committees

Hvar ObsenratoryBulletin, Boardof Editors,S. Urpo

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.

EVN, EuropearVLBI Network Boardof Directors,memberS. Urpo.

IAU, FinnishNationalCommittee memberS.Urpo.

RISC, RadioastroninternationalScienceCommitteememberS. Urpo.

TuorlaObsenatory memberof theBoardS. Urpo.

URSI, Union of RadioSciencdnternational FinnishNational Committee yice membelS. Urpo.
Working Groupfor Finnish-RussiaiCooperationin Space-ield, memberS. Urpo.

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

FinnishAstronomicalSociety Vice presidentM. Tornikoski.

Metsahei Coordinatorof the EC ResearcfirainingNetwork ENIGMA (“EuropeanNetwork for the Investi-
gationof GalacticnucleithroughMultifrequengy Analysis”), M. Tornikoski.

Memberof the Finnish AstronomicalAdvisory Groupfor the ESO project“Developmentof distributeddata
analysissystenfor extensve astronomicatlata”, M. Tornikoski.

8.2 International Meetingsand Talks

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

Seminartalk aboutradio astronomicakesearchat Metsahei, Jodrell Bank Obsenatory, United Kingdom,
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19.3.2003A. Lahteenmaki

LahteenmakiA., Tornikoski, M., Parviainen M., Valtaoja,E.: Review of theMetséhei/TuorlaPlanckcollab-
orationactuities in the ExtragalacticWorking Group6, The 1st PlanckExtragalactic Working GroupWork-
shop,London,UnitedKingdom, 15-16.9.2003Talk by A. Lahteenmaki)

Tornikoski, M., LahteenmdkiA., Torniainen|., ParviainenM., Nieppola,E., Valtaoja,E.: Metséhei sources
samplesyrecentresults; The 1st PlanckExtragalactic Working Group Workshop,London, United Kingdom,
15-16.9.2003

Tornikoski M: “AGN Scienceat Metsahei”, talk atthe ErstENIGMA symposium(heldin MayschossGer
mary, 11-14.5.2003).

Tornikoski M: “Long termradiovariability: statisticsandpredictions”,talk atthethe £rstENIGMA sympo-
sium(heldin MayschossGermary, 11-14.5.2003).

Tornikoski M: “Millimetre Variability: StatisticsandPredictions” talk atthe PlanckWorking Group6 Work-
shopin London,England,Septembel5-16,2003.

Tornikoski M: “Metsahai sourcesamplesrecentresults”,talk at the PlanckWorking Group6 Workshopin
London,England,Septembel5-16,2003.

TornikoskiM “Introductionto Sessionll: Variationsin sourcestructureandaux”, talk attheseconcENIGMA
symposium(heldin Portorenere|taly, 11-14.10.2003).

Tornikoski M: “Radio Variability of Inverted-spectrungources” talk at the secondENIGMA symposium
(heldin Portorenere]taly, 11-14.10.2003).

Tornikoski M: “ “15 yearsof AGN sciencewith SEST Whathave we learnt— andwhy am| herenow?”, talk
givenatthe JointAstronomyCentre Hilo, Hawaii, 7.11.

ICEAA ConferenceTorino, Italy, 7-13.9.2003P. Sjéman.

2ndeVLBI Workshop,Dwingeloo,The Netherlands14-17.5.2003A. Mujunen,J. Ritakari.

EVN TOG Meeting,Madrid, Spain,28.6-1.7.2003]. Ritakari.

AMS TechnicallnterchangéMeeting, CERN, Geneve, Switzerland27-31.7.2003A. Mujunen,J. Ritakari.
EVN CBD andBoardMeetings,Dwingeloo, The Netherlands13-12.12.2003 A. Mujunen.

The 1stPlanckExtragalacticWorking GroupWorkshop,London, United Kingdom, 15-16.9.2003M. Parvi-
ainen.

8.3 National Meetingsand Talks

LahteenmakiA., Valtaoja,E., Tornikoski, M., Parviainen,M., Torniainen,l., Urpo, S.: Planckextragalactic
foregroundsources:the Metsahei/Tuorla quasaresearchteam, AntaresFinal Seminay Helsinki, Finland,
30.10.2003Talk by A. Lahteenmaki)

8.4 Public Relations

Space2003-exhibition 31.10-2.11.2003A. LahteenmakiS. Urpo, A. Mujunen,P.-M. Saloranta]l. Hovatta,
M. Koski.

GeneralMetsahei toursandshorttalks aboutradio astronomicaflesearcto mary visiting groups,S. Urpo,
H. Terasrantal. Tornikoski, E. Oinaskallio.
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TV:29.10.17:10.YLE 1, Prisma,A documentarnaboutquasatresearctat Metsahei, M. TornikoskiandA.
Mujunen(Replayon 31.10.)

18.11.A lectureaboutspace-VLBlandquasarsat theamateumlstronomyassociatiotJRSA, M. Tornikoski.

Lectureto the astronomyspecialitygroup of the Anttila Junior High School: radio astronomicaresearch,
recentdevelopmentsn astronomyandthework of anastronomer9.1.,M. Tornikoski
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9 Personnelin 2003

Permanent Positionsfunded by the Helsinki University of Technology

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

Hurtta, Solwveig, Ms. Secretaryparttime Solweig.Hurtta@hut.£

Mujunen,Ari, Dipl.Eng. Laboratoryengineer Ari.Mujunen@hut.£

Oinaskallio,Erkki, Mr. Technician Erkki.Oinaskallio@hut.£

Peltonen,JuhaniDr.Tech. Laboratoryengineerparttime jussi@kurp.hut.£

Scientifcand Technical Staff Funded by Reseach Contracts

Hovatta, Talvikki, student Researclaid, full time 27.5-31.8.2003,
parttimefrom 1.9.2003 tho@kurp.hut.£
Koski, Minttu, Engineer Researclhaid, parttime minttu@kurp.hut.£
Researchefrom 1.6.2003
Kdnonen Prisse student Researchaid until 30.9.2003 prisse@kurp.hut.£
Liljestrém, Tarja, Lic.Phil. Researcheparttime tml@hut.£
Lindfors, Elina,M.Sc., Researchefrom 1.8.2003
Lindfors, Timo non-military service lindi@kurp.hut.£
LahteenmakiAnne,Dr.Tech. Researcher alien@kurp.hut.£
Nieminen,Jussi,student Systemsadministrationuntil 30.6.2003
Nieppola,Elina, student Researclaid, 1.6-31.8.2003
ParviainenMikk o, student, Researclaid pare@kurp.hut.£
Ritakari,Joulo, Dipl.Eng. Researcher jr@kurp.hut.£
Rénnbeg, Henry, Mr. Mechanic
SalorantaPia-Maria,student, Researclaid, parttime from 1.2.2003 pia@kurp.hut.£
Sjéman PekkaDipl.Eng Researcheparttime psj@kurp.hut.£
TerasrantaHarri, Dr.Tech. Researcher hte@kurp.hut.£
Torniainen llona, Dipl.eng. Researcher ilo@kurp.hut.£
Tornikoski, Merja, Dr.Tech. Docentof RadioAstronomyand Merja.Tornikoski@hut.£
SpaceTechnology

AcademyResearcliellow,
Academyof Finland,ResearciCouncil
for NaturalScienceandEngineeering
Troller, Mirko, M.Sc., Researchefrom 1.11.2003 mtr@kurp.hut.£

Metsahovi Advisory Committee

Korpela,SeppoDir. TanskanenPekka Prof.
Pellinen,Risto, Prof. Tiuri, Martti, Prof.emer, M.P. (Chair)
SomervuoPekka,Dr.Tech. Urpo, Seppo Prof. (Secretary)
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