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1 In tro duction

Metsäho vi Radio Observ atory , a separate researc h institute of the Helsinki Univ ersit y of T ec hnology

(TKK) since Ma y 1988, op erates a 14 m diameter radio telescop e in Metsäho vi, the village of Kylmälä

in Kirkk on ummi, ab out 35 km w est from the Otaniemi univ ersit y campus.

Metsäho vi is activ e in the follo wing �elds: radio astronomical researc h, m ultifrequency astronom y and

space researc h, dev elopmen t of instrumen ts and metho ds for radio astronom y , and (radio) astronom-

ical education. Since 2004 also geo detic VLBI observ ations are done at Metsäho vi in collab oration

with the Finnish Geo detic Institute.

In y ear 2007 t w en t y scien tists, engineers, researc h assistan ts and supp ort p ersonnel w ork ed at the

institute. In 2007 the total exp enditure of Metsäho vi Radio Observ atory w as 855 312 euros including

salaries and the ren t of the o�ce and lab oratory space at the Metsäho vi premises. This w as funded

b y TKK, A cadem y of Finland, Europ ean Union, and other outside sources. W e ha v e also obtained

a considerable additional funding in the form of radio astronomical equipmen t to b e deliv ered to

Metsäho vi in 2008-2009, a pro ject funded b y a debt con v ersion agreemen t b et w een Finland and

Russia.

T o w ards the end of 2007 Metsäho vi w as getting ready for some ma jor c hanges at the administrativ e

lev el: A t the b eginning of 2008 Metsäho vi w as to b e merged to the new facult y of Electronics,

Comm unications and Automation, but still main taining its status as a separate researc h institute.

W e con�den tly lo ok in to the future and are ready to tak e the new steps as part of the facult y and

pro ceedings to w ards the Inno v ation Univ ersit y .

Merja T ornik oski

Director of the TKK / Metsäho vi Radio Observ atory
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2 Researc h A ctivities

In this c hapter the main researc h activities at Metsäho vi are in tro duced. Some of the pro ject teams

include also scien tists w orking at other institutes. The con tact p erson at Metsäho vi is underlined in

eac h pro ject team list.

2.1 Radio Astronomical Instrumen tation

Researc h Group at Metsäho vi: T ornik oski , P eltonen, Mujunen, Kallunki, Oinask allio, Ritak ari,

Rönn b erg

2.1.1 3 and 2 mm SIS Receiv ers

Pro ject team: P eltonen , Mujunen, Oinask allio, Kallunki, Rönn b erg

The 3 mm SIS receiv er w as used again t wice for VLBI observ ation sessions in 2007. During the Ma y

session the measured noise temp eratures for LCP and R CP c hannels w ere around 90 K and 140 K,

resp ectiv ely . In the Octob er session the same v alues w ere 80 K and 160 K. These w ere measured with

the p o w er meter in the con trol ro om b y c hanging liquid nitrogen and ro om temp erature loads in fron t

of the input horn on the telescop e (long cables included in the system). The original sp eci�cation for

the sensitivities for b oth c hannels w as 50 K and that has b een ac hiev ed only once, during the April

session in 2005.

O�cial negotiations to design and construct a completely new 3 mm receiv er based on HEMT tec h-

nology w ere con tin ued with IAP (Institute of Applied Ph ysics) as a Supplier and with Mac hinoimp ort

as a Seller. The new receiv er should b e co oled to the 20 K am bien t temp erature compared to 4 K

required for the SIS-receiv er. Hence the w eigh t of the new receiv er will b e m uc h less and particularly

the compressor needed for the co oling is m uc h smaller and the w eigh t is decreased from 140 kg to 60

kg. The main b ene�t will b e of course the higher reliabilit y and that HEMT receiv er is m uc h easier

to op erate on the telescop e. Also the sensitivit y should b e constan t ev ery y ear during the consecutiv e

sessions.

On the in tergo v ernmen tal lev el the con tract b et w een Metsäho vi and IAP w as accepted in Russia on

Octob er 12, 2007 b y the Ministry of T rade and Economical Dev elopmen t and the Ministry of Finance

of the Russian F ederation. Thereafter the con tract w as send to the Ministry of T rade and Industry of

Finland and Finn v era PLC for appro v al from the Finnish side. Finn v era legal a�airs suggested some

c hanges to the main Con tract and according to these remarks an A ddendum No 1 w as negotiated

with Macinoimp ort and the same time some corrections w ere made to the tec hnical App endices. This

con tract with the A ddendum as an in tegral part w as accepted b y the Ministry of T rade and Industry

on No v em b er 30, 2007.

Although the o�cal negotiations w ere un�nished, Metsäho vi and IAP p ersonnel started the tec hnical

consultations �rst ab out the new 3 mm VLBI receiv er on Octob er 10, 2007 and secondly ab out the new

22 and 37 GHz radiometers on No v em b er 1, 2007. F rom these separate meetings t w o Memorandums

w ere prepared and signed. F or the 86 GHz receiv er P ekk a Sjöman's compan y (D A-Design Oy) should

b e used as a sub con tractor to design all cry ogenic parts, esp ecially the lo w noise MMIC HEMT

preampli�ers. The blo c k diagram after the mm-w a v e mixers is quite similar to the old receiv er, only

the phase calibration p ossibilit y w as added to the IF-part. In the old system the frequency reference

for the phase lo c king at 82.301 GHz w as deriv ed from Rohde & Sc h w arz syn thesizer giving an output

at 9.114 GHz lo c k ed to 5 MHz. This bulky equipmen t should b e preserv ed to generate test signals

and a smaller syn thesizer with the same sp ectral purit y m ust b e constructed to b e an in tegral part of

the 86 GHz receiv er. If this receiv er will b e tuned in the future also to higher frequencies (115 GHz

signal frequency) then the R&S source could b e used temp orarily .

When the 3 mm comp onen ts from the SIS-dew ar will b e remo v ed this can b e exploited in the future

2



solely for a 2 mm SIS-receiv er where HEMT devices migh t y et sho w higher noise temp eratures. Also

the critical co oling capacit y will b e no w enough b ecause the 2 mm receiv er has only one mixer (b oth

righ t and left circular p olarizations cannot b e measured sim ultaneously). This receiv er has not y et

b een tested b ecause it has a BW O (high v oltage DC- p o w er source required, short lifetime of the

electron tub e) as a lo cal source. This could b e easily replaced b y a Gunn-oscillator at 71.5 GHz

follo w ed b y a frequency doubler. Because the p o w er lev el needed for a SIS-mixer is negligible ev en

with a lo w e�ciency doubler, the adequate p o w er could b e generated.

F or the 22/37 GHz radiometers it w as agreed that b oth receiv ers are based on the pseudo correlation

top ology and are capable to detecting t w o linear p olarizations. Th us b oth radiometers are constructed

with four cry ogenic LNA's, t w o linear OMT`s plus noise calibration injection and t w o magic-tee's at

20 K am bien t temp erature. A t ro om temp erature the signals are further ampli�ed with LNA's and

in the other branc h a phase shift of 180 degrees is accomplished b y a phase switc h. The detailed

blo c k diagram of the Q-band radiometer is sho wn in Figure 1. The K-band receiv er has a similar

sc heme. The phase switc h allo w es fast switc hing compared to an old Dic k e switc hing mo de. Moreo v er

a cry ogenic Dic k e switc h cannot b e realised for these frequencies (and it w ould limit the bandwidth

to 20 %) and a c hopp er structure b ecomes impractically large.

A t the b eginning of the meeting on No v em b er 1, 2007 Dr. Ka j Wiik from T uorla Observ atory ,

T urku, ga v e a presen tation of the b ene�ts of the pseudo correlation top ology compared to the Dic k e

switc hed con�guration. A ccording to his calculations for the new receiv er, compared with the existing

radiometer (lo w er noise temp erature, broader bandwidth plus c hange of top ology), the sp eedup factor

(observ ation time reduction) v aries b et w een 20 and 50, dep ending on atmospheric conditions.

Figure 1: Blo c k diagram of the Q-band radiometer.

2.1.2 Receiv er Main tenance and Upgrades

Pro ject team: P eltonen , Mujunen, Oinask allio, Kallunki, Rönn b erg

In 2007 the 2/8 GHz Geo-VLBI receiv er had a failure in the S-band LO source at 1530 MHz. The

phase lo c king circuitry had an electronic comp onen t failure causing a constan t loss of phase lo c k

although the basic oscillator w as op erational. During t w o sessions the receiv er w as op erated with a

Rohde & Sc h w arz syn thesizer as a spare LO source. Ho w ev er the sp ectral purit y of a syn thesizer is

alw a ys w orse (o v er 20 dB higher phase noise) compared to a �xed frequency , high Q ceramic resonator

stabilized bip olar transistor oscillator. Therefore a new LO unit w as purc hased from Herley-CTI, New

3



Jersey , USA and the Metsäho vi tec hnical group made the repair successfully . In this case the whole

LO unit b o x had to b e disassem bled completely and the new electrical connections made carefully .

The op eration of this new LO source has pro v ed to b e reliable.

2.1.3 IT Infrastructure

Pro ject T eam: Mujunen , Lindfors

Since 2006 Metsäho vi has b een connected to CSC/F unet with a leased �b er link running at 10 Gbps,

as the �rst radio observ atory in the w orld in this sp eed class. The connection w as made p ossible with

the join t �nancing from b oth TKK and EU FP6 �EXPReS� con tract.

The lo cal connectivit y hardw are w as enhanced in 2007 with a new HP 6400cl 10GE switc h and new

lo cal �b er cabling. A �metsaho vi.�� DNS domain w as hosted at F unet name serv ers to ease the

managing of new 10GE no des. Metsäho vi lo cal area net w ork w as extended to the en try gate area

with a pair of Zyxel VDSL mo dems and this enabled the replacemen t of old aging Philips analog

surv eillance cameras with new Son y SNC-Z20P IP-based surv eillance cameras. The old analog video

switc h and CR T monitor w ere replaced with up-to-date image arc hiv al and real-time displa y system

(�moniscreen.kurp.h ut.��).

Sev eral aging P en tium I class desktops w ere replaced with new Dells from Hansel go v ernmen t con-

tract. Some of the new computers w ere installed with Ubun tu 7.10 based desktops whic h, as a

Debian deriv ativ e, �t w ell in the existing Debian-based Lin ux infrastructure of Metsäho vi. Prac-

tically all desktops w ere equipp ed with ligh t w eigh t Mustek P o w erMust 600 UPSes and NUT UPS

con trol soft w are to help with frequen t p o w er outages and glitc hes at Metsäho vi, due to our remote

lo cation.

The cen tral Windo ws Serv er 2003 based Windo ws T erminal Serv er, �winapps� w as up dated with the

latest v ersions of TKK-licensed Microsoft and A dob e soft w are. A single Windo ws instance has greatly

simpli�ed Windo ws system administration while still o�ering legacy Windo ws applications to ev ery

desktop wishing to use them via the �rdesktop� RDP remote access. Of our commercial applications

only Unistat had problems with licensing in Windo ws TS en vironmen t; at Lin ux side, the FlexLM

�lmgrd� of our IDL installation needed sp ecial atten tion when the serv er hardw are w as upgraded.

The main tenance con tract of IDL w as terminated due to minimal demand.

Our legacy con tin uum observ ation program �CONTOBS�, written in A da in V AX/VMS en vironmen t

w as p orted to Lin ux with the GNA T (GNU A da) en vironmen t. This w as made to enable careful

comparisons b et w een the old V AX system and the new Lin ux-based observ ation system, that is,

three-w a y comparisons b et w een old CONTOBS, new CONTOBS, and the new Lin ux-based soft w are.

A new Lin ux driv er w as written for the Datel PCI-416M data acquisition A/D con v erter card. Unlik e

the old driv er, the new driv er is of general-purp ose and supp orts, at least theoretically , the full range

of the card's capabilities. The new driv er also w orks on mo dern 2.6 k ernels, b oth 32-bit and 64-bit

little-endian. Big-endian supp ort is straigh tforw ard to add if needed, but cannot b e done without

testing (Metsäho vi do es not ha v e an y big-endian computers).

The hardw are and op erating system of the computer housing the card w as upgraded at the same time

(�daqqer.kurp.h ut.��). This rev ealed some new problems with the card, whic h w as already kno wn

to ha v e compatibilit y problems with new er hardw are. The kno wn hardw are problems of the card

are: lost samples if using DMA, spurious DMA completion in terrupts, and in terrupts not deliv ered

if A CPI APIC IR Q routing is enabled.

The aging analog P ABX v oice phone system has to b e replaced, and the in v estigation has started

whether the op en-source Asterisk V oIP P ABX soft w are running under Lin ux, together with a new

set of V oIP (SIP) phone sets w ould b e a viable replacmen t. The �rst exp erimen ts lo ok promising,

and the full migration is planned for 2008.
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2.1.4 Hydrogen Masers

Pro ject T eam: Oinask allio , Kallunki, Mujunen

In F ebruary 2007 frequency comparator (in Maser 69) w as replaced b y a new one. The fault y com-

parator caused missing pps (Pulse P er Second) signal. The molecular h ydrogen source w as also

replaced (Maser 69) at same time. F or the rest of the y ear Maser 69 w ork ed without an y failures.

The last part of the y ear Maser 70 started to lose pps signal ev ery no w and then. Maser 70 will

b e �xed in early 2008. In Figure 2 the time di�erences b et w een the t w o H masers and sev eral GPS

clo c ks are b eing illustrated.

Figure 2: Time di�erences of H maser and GPS clo c ks, in microseconds.

2.1.5 Clo c k di�erence measuremen t

Pro ject T eam: Mujunen , Kallunki, Oinask allio, Rönn b erg

The clo c k di�erence measuremen t system (called "Clo di") w ork ed without an y failures for the whole

y ear 2007.

2.1.6 New Hardw are

Pro ject T eam: Mujunen , Kallunki, Oinask allio, Rönn b erg

Harmful frequency measuremen t system

Harmful frequency measuremen t system w as completed during the 2007. The sp ectum analyzer

w as renew ed b ecauce Instek sp ectrum analyzer did not ful�ll the sp ecs. The new Agilen t sp ectrum

analyzer (CSA, N1996A, 100 kHz - 3GHz) pro v ed to b e more reliable, and con trolling is m uc h easier.

The new sp ectrum analyzer can b e con trolled via T elnet proto col. The data collection and an tenna

con trolling soft w are w as also reprogrammed (sp ektr3.pl).
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Sunan t

The p oin ting of the Sunan t an tenna w as renew ed. The new p oin ting mo del is m uc h more accurate.

New parameters w ere added to p oin ting equations and old parameters w ere up dated.

The m ultiple plate clutc h in the azim uth axis w as w orn out. The clutc h w as c hanged to a new one.

During the y ears it has b een noticed that Sunan t is vulnerable to w eather e�ects (esp ecially to gusts).

Wind causes vibration of the an tenna. A brak e w as added to azim uth axis to prev en t this vibration.

Figure 3: Radome camera.

Monitoring

The amoun t of oil in the radome heater's oil tank can b e read remotely with the new sensor. The

sensor w as deliv ered b y Seseon Automaatiopalv elu Oy .

A new camera w as installed for monitoring the condition of the radome (sno w). It is p ossible to mo v e

and zo om the camera to a desired p osition. Figure 3 illustrates the installation of the camera, the

lo w er picture sho ws an example picture tak en with the radome camera. The camera w as deliv ered

b y Nordic Lan & W an Oy .

Cloud sensor

A new cloud sensor w as installed on the ro of of the old part of the Metsäho vi building. The sensor

measures, for example, temp erature, h umidit y and wind sp eed. A new feature is that the sensor
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measures also cloudiness lev el. The measuremen t of cloudiness lev el is based on the temp erature

di�erences b et w een the sky and the ground. The cloud sensor w as deliv ered b y Bolt w o o d Systems

Corp oration.

Receiv er crane

The crane for lifting receiv ers up to the an tenna w as �nally completed. Both the mec hanical and the

electrical parts w ere successfully tested in the test b enc h. The crane construction will b e completed

and run in during the y ear 2008. Figure 4 illustrates the construction of the crane (the crane is in

the test b enc h).

Figure 4: Receiv er crane in the test b enc h.

Building main tenance in Metsäho vi

The clo c k cellar temp erature and h umidit y con trollers (clo c k and mac hine ro om) w ere renew ed in

the fall 2007. The parameters of the con trollers can b e �xed m uc h more easily than the ones of the

previous con trollers; also remote con trol is p ossible. The con trollers w ere deliv ered b y Siemens.

The four securit y cameras w ere up dated with Ethernet based Son y SNC-Z20P cameras. The cameras

w ere deliv ered b y Nordic Lan & W an Oy .

2.2 VLBI Instrumen tation

Pro ject team: Ritak ari , Mujunen

The VLBA data acquisition rac k is aging and an increasing n um b er of problems plague esp ecially the
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baseband con v erters, BBCs. A couple of BBC syn thesizer b oard replacemen ts help ed but still t w o or

three (out of 14) BBCs ha v e di�culties ac hieving lo c k at all frequencies.

T o enable full participation in standard IVS geo detic VLBI sessions, Metsäho vi and Finnish Geo detic

Institute (F GI) ha v e started enquiries from Gino T uccari at Noto Station (Italy) to equip Metsäho vi

with a �dBBC� fully-digital FPGA-based VLBA rac k replacemen t system.

2.2.1 e VLBI and EU FP6 EXPReS

Pro ject team: Ritak ari , Mujunen, Lindfors, W agner, Molera

2007 w as the second y ear of �EXPReS�, an EU FP6 three-y ear pro ject to create a distributed astro-

nomical instrumen t of con tinen tal and in tercon tinen tal dimensions using e-VLBI.

1

�e-VLBI� consti-

tutes means of using mo dern net w orks to connect radio telescop es to eac h other and to data pro cessors

(correlators) to a v oid dela ys inheren t in shipping ph ysical recordings around. Metsäho vi tak es part in

this pro ject dev eloping a next-generation data acquisition system arc hitecture dubb ed �4G-EXPReS�,

enabling v ersatile realtime/near-realtime/storage mo de VLBI data acquisition at 4 Gbps and b ey ond

using commercial o�-the-shelf (COTS) IT equipmen t.

A dd-on e-VLBI

VSIB plus T sunami ha v e b een added on to regular Mark5A+FS exp erimen ts. This has b een tested

with regular IVS geo detic exp erimen ts b y Onsala, Metsäho vi and Bonn. Mark5A tak es disk bac kup,

and VSIB sends data from Mark5A outputs via VSIC in real-time with T sunami to the correlator.

W e ha v e used automated scripts to directly use the regular FS sc hedule �les for maxim um compa-

bilit y with regular op erational VLBI pro cedures. These ha v e demonstrated real-time T sunami data

acquisition con trol and FS compabilit y and ha v e b een used in all Metsäho vi IVS geo detic exp erimen ts

recen tly .

Quic k UT1 with e-VLBI

Onsala, Metsäho vi, T sukuba and Kashima did long-distance transcon tinen tal e-VLBI transfers at

rates of 256 and 512 Mbps for geo detic near-real-time UT1 observ ations. Using T sunami to K5

soft w are correlator facilitated getting the UT1 result 30 min utes after transfer. This is an unprece-

den tedly quic k turn-around time for pro cessing the so-called �in tensiv e� t yp e IVS exp erimen ts where

hour-long sessions with one long baseline yield one timely UT1 measuremen t daily . Long baselines

imply long (t ypically transcon tinen tal) data paths for e-VLBI and this is where the T sunami proto col

has b een pro v ed useful to attain comfortably high transfer sp eeds.

Soft w are items

The iBOB/iADC b oards ha v e arriv ed, the DiFX soft w are correlator p orting to run on the Cell pro-

cessor (Lin ux on PS3) is curren tly on hold. Ho w ev er, the high-sp eed computational core needed in

soft w are correlators as implemen ted on the Cell pro cessor w as named the �minicorrelator on PS3�

and made a v ailable at

0http : ==cellspe � tasklib :cvs:sourceforge :net =0
. This supp orts the ele-

men tary FFT and sin/cos op erations needed in soft w are correlators, and it mak es highly e�cien t use

of the m ultiple SPU computational cores a v ailable in Cell pro cessors.

Another soft w are item that w as dev elop ed to facilitate the in tegration of the op erational Mark5A

pla ybac ks in to the soft w are correlation pro cess is �fuseMk5A�. This user space (FUSE) Lin ux �le

system driv er mak es Mark5 proprietary 8-disk-pac k recordings readable as regular Lin ux �les and

th us immediately a v ailable for soft w are correlators running on Lin ux. The source co de for this can

b e found at

0http : ==fusemk5a:sourceforge :net =0
.

1

EXPReS is an In tegrated Infrastructure Initiativ e (I3), funded under the Europ ean Commission's Sixth F ramew ork

Programme (FP6), con tract n um b er 026642, from Marc h 2006 through F ebruary 2009.
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T sunami �le system is another user space Lin ux �le system la y er b eing dev elop ed on top of connections

to T sunami serv er(s). Its in ten tion is to mak e remote (and lo cal) T sunami serv ers (whether real-time

or disk-based) to app ear as lo cal Lin ux �le systems. This w ould enable not only Lin ux soft w are

correlation of data stored in disk �les but also on-the-�y soft w are correlation of real-time net w ork ed

T sunami e-VLBI data streams with the same correlation soft w are whic h is b eing used for disk-based

data. The further dev elopmen t is curren tly on hold, p ending the completion of the data acquisition

system.

iBOB/iADC status

A t the end of Octob er 2007 Digicom �nally deliv ered the b oards whic h had b een ordered in Marc h

2007. Onsala receiv ed one iBOB and one iADC, Metsäho vi three iBOBs and three iADCs and

Jo drell Bank had already 10 iBOBs but no iADCs. The long deliv ery time has somewhat dela y ed

the actual data acquisition tests but on the other hand, it enabled b oth data acquisition con trol

soft w are dev elopmen t (automated FS con trol scripts, transcon tinen tal T sunami, describ ed ab o v e)

and exploration of soft w are correlators (DiFX on the Cell pro cessor) and gaining exp erience on b oth

parallelized m ulti-core soft w are algorithms and the structure of sw-based correlator soft w are, and led

us to a b etter understanding of the requiremen ts sw-based correlation imp oses on data acquisition

arc hitecture.

Also while w aiting for iBOB/iADC b oards, sev eral 2048.0/1024.0 MHz iADC sampling clo c k syn the-

sizer b oards w ere tested. The test rep ort b y Guifré Molera can b e found at:

0http : ==www:metsahovi :fi =en=vlbi =ibob =Comparing� ADI � NAT:pdf 0
. The �rst data acquisition

system protot yp e in an 1U enclosure w as built. It consists of one iBOB b oard with one iADC b oard,

supplemen ted b y one PLL syn thesizer b oard and a p o w er supply .

iBOB dev elopmen t

Xilinx ISE, EDK/XPS, Matlab Sim ulink and Xilinx SysGen w ere easy to install and main tain. Old

v ersions are still needed for UC Berk eley CASPER MSSGE design �o w. With help from Jo drell

Bank, no w w e are �nally able to build MSSGE-based designs. Lin ux expansion b oard for iBOB with

memory and SD �ash still needs to b e tested. The next c hallenge is to feed the data acquisition PC

with udp2raid soft w are with iBOB.

10 gigabit Ethernet COTS p erformance

The enhanced 10 gigabit Ethernet (10GE) en vironmen t (see SA2 for a list of enhancemen ts) w as

tested extensiv ely with commercial o�-the-shelf Lin ux computers and net w orking b oards. The main

�ndings are as follo ws.

�Out-of-b o x� (all Lin ux net w orking settings at their un-tuned default v alues), but with �jum b o pac k-

ets� (MTU setting of 4470 or 9000 b ytes) resulted in 9 Gbps using TCP , 8 Gbps using UDP and

1.5 Gbps using unmo di�ed, original T sunami proto col. After some TCP t w eaking, TCP resulted in

9.5 Gbps. This is with a fairly generic, dual-pro cessor, quad-core AMD Opteron PC with t w elv e

Serial A T A disks. W e ha v e also purc hased t w o Myri-10GE b oards with one CX4 and one XFP with

SR mo dule, and a pair of Chelsio 10GE-CX4 b oards and one Asus LIN64-WS.

Both brands of 10GE Ethernet PCIe x8 net w orking b oards exhibited similar p erformance. Recom-

mendations from Jo drell Bank/RHJ that Myrinet and Chelsio PCIe b oards p erform w ell bac k ed up

with results and the b oards w ere quite unexp ensiv e also.

W e noticed that b oth Chelsio and Myrinet b ene�t a lot from switc hing o� UDP data pa yload c hec k-

sums (SO_NO_CHECK setting). Chec ksummed ip erf resulted in 4.9 Gbps p er one core and no

c hec ksums resulted in 9.9 Gbps p er one core. Sev eral shortcomings at 10 Gbps sp eed lev els w ere

disco v ered in the design and implemen tation of the original T sunami proto col, and th us a new v1.2

�P etabit T sunami� w as dev elop ed. Its source co de can b e found at `http : ==tsunami � udp:sf :net =0
.
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The original proto col parameters of 32-bit are not enough for 10 Gbps. In terpac k et timing had only

50 microsecond resolution and no w it is 1 microsecond. This impro v ed v ersion of T sunami resulted

in 7 Gbps memory-to-memory and 3.5 Gbps memory-to-raid-XFS p erformance. These results are

reasonable for an en try-lev el PCIe x8 PC. The impro v emen t factor o v er the previous generation of

computers is appro ximately: net x10, disks x4, CPU x2, memory bandwidth x1.5.

In ternet connectivit y

A 10 Gbps Ethernet connection to CSC/F unet w as installed and is fully op erational. It has b een tested

in m ultiple exp erimen ts together with the telescop es at Onsala (Sw eden), Kashima, and T sukuba

(Japan), mainly in the geo detic VLBI con text, but Metsäho vi ha v e also participated in SA1 JIVE

correlator tests at 1.3 cm w a v elength (see the deliv erable D133). Numerous remote recording t yp e

exp erimen ts (data �ies directly to the correlator disk bu�ers) ha v e b een p erformed, and also some

exp erimen ts with feeding a Japanese soft w are correlator in near real time. Planning of tests for data

transfer b et w een MR O - JBO (U.K.) - OSO (Sw eden) at 4 Gbps are underw a y .

Enhanced 10 Gigabit Net w orking at Metsäho vi

Metsäho vi ha v e extended their 10 Gbps In ternet connection equipmen t, an Extreme Summit X450

switc h, with a 10GBASE-SR mo dule. This allo ws additional 10GE devices to b e connected to the

In ternet at Metsäho vi. T o facilitate m ultiple iBOBs and Lin ux 10GE computers to b e connected at

the same time, w e ha v e purc hased an additional HP 6400cl 10GE switc h with six 10GBASE-CX4

in tegral copp er p orts and t w o 10GBASE-SR additional �b er mo dules (X2, not XFP). This forms the

extension of Metsäho vi 10GE In ternet connection to m ultiple p orts for m ultiple sim ultaneous 10GE

devices.

Applying T sunami in op erational e-VLBI

W ork in e-VLBI con tin ues successfully . Lately a series of geo detic VLBI ultra-rapid UT1 exp erimen ts

with Onsala, Kashima and T sukuba ha v e b een p erformed at 128 and 256 Mbps data rates, b oth in

real-time and near-realtime. The correlation results w ere obtained at w orld-record turn-around time

dela y .

Sev eral impro v emen ts to the T sunami e-VLBI soft w are ha v e b een implemen ted, and increased supp ort

to its users has b een also pro vided. It is also gratifying to see that other stations and institutes are

starting to use the T sunami proto col for e-VLBI. Recen tly MPIfR and W ettzell ha v e joined the group.

As T sunami p opularit y is increasing, e-VLBI exp erimen ts b et w een a wider range of coun tries b ecome

feasible.

2.3 VLBI Observ ational A ctivities

Pro ject team: Mujunen , Ritak ari, W agner, Molera

Metsäho vi tak es regularly part in three global VLBI observ ation net w orks: the Europ ean VLBI

Net w ork (EVN), the Global mm-VLBI Arra y (GMV A), and the In ternational VLBI Service (IVS).

2.3.1 VLBI Sessions in 2007

Pro ject T eam: Mujunen

In 2007 there w as only one EVN VLBI session whic h featured Metsäho vi observ ation frequencies,

Marc h 2007 with three test exp erimen ts and one EVN user exp erimen t at 22 GHz. The Global mm-

VLBI Arra y (GMV A) semi-ann ual sessions w ere conducted in Ma y and in Octob er, with 3.5 and 5

da ys of observing at 86 GHz.
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The IVS geo detic VLBI sessions observ ed in co op eration with the Finnish Geo detic Institute (F GI)

con tin ued with the most comprehensiv e observing program ev er: eigh t 24-hour exp erimen ts b elonging

to b oth �EUR O� regional campaign and to �IVS-T2� T errestrial Reference F rame (TRF) campaign

w ere conducted. These w ere supplemen ted b y exp erimen tal rapid turnaround dUT1 observ ations

together with Onsala (SE) and T sukuba and Kashima (JP) where T sunami real-time e-VLBI proto cols

(dev elop ed at Metsäho vi) w ere hea vily exercised to get the data to the Japanese soft w are correlator

quic kly enough to ha v e an accurate estimate of the curren t dUT1 v alue as quic kly as 30 min utes after

the observ ations had b een completed.

2.4 AMS-02

Pro ject T eam: Ritak ari , Molera

The construction of the detector is progressing w ell at CERN in a sp ecially-built clean ro om at the

CERN Prév essin site. The data acquisition tests with the detector ha v e b een initially p erformed with

ad-ho c soft w are made b y the detector groups, but the common HRDL/UDP-based data acquisition

dev elop ed b y Metsäho vi will b e tested later, probably in 2008. The curren t launc h estimate for

AMS-02 to b e shipp ed to the ISS is at 2009/2010 timeframe.

2.5 Extragalactic Radio Sources

2.5.1 BL Lacertae Ob jects

Pro ject T eam: T ornik oski , Niepp ola, Ho v atta, K otiran ta, Läh teenmäki, T orniainen, V altao ja (T urku)

The publication of Metsäho vi 37 GHz datap oin ts of BL Lacertae ob ject (BLO) observing campaign

to ok place in Ma y 2007 in the Astr onomic al Journal . The data ha v e b een collected in the y ears

2001-2005. T o ensure an easy access to the data for the whole astronomical comm unit y , they w ere

submitted to and published also b y the Cen tre for astronomical data in Strasb ourg (CDS).

The main fo cus in the study of BLOs and blazars in 2007 w as on the in trinsic, Doppler corrected blazar

sequence. The cornerstone of the blazar sequence scenario is the an ticorrelation of the sync hrotron

p eak frequency and luminosit y . Ho w ev er, so far all observ ational studies ha v e neglected to tak e

in to accoun t the e�ect of Doppler b o osting, although it could ha v e a considerable e�ect on the

correlations. As a con tin uation to the extensiv e study on the sp ectral energy distributions (SEDs)

of BLOs published in 2006, w e examined the dep endence b et w een the sync hrotron p eak frequency

and the sync hrotron p eak luminosit y in the source frame, i.e., using Doppler-corrected v alues. W e

c hose a source sample comprising of all radio-loud, northern activ e galactic n uclei (A GN) observ ed at

Metsäho vi, 135 ob jects in total, 23 % of whic h w ere BL Lac ob jects. F or these sources, w e collected

a large amoun t of arc hiv al m ultifrequency data to plot their SEDs, and quan ti�ed their sync hrotron

emission using a parab olic �t. The p eak frequency and luminosit y obtained from the �t w ere corrected

for Doppler b o osting using a new set of Doppler factors, calculated from Metsäho vi v ariabilit y data

(Ho v atta et al., in preparation).

The results sho w that the Doppler factor is not constan t b et w een the sources, but is actually strongly

dep enden t on the p eak frequency . As a consequence, the apparen t blazar sequence is totally eradicated

when b oth the p eak frequency and the p eak luminosit y are corrected for Doppler b o osting. In fact,

the correlation b et w een the t w o quan tities turns marginally p ositiv e. This is particularly apparen t in

the case of BLOs. This result, although unexp ected, can help to explain previous con tradictions in

the blazar sequence scenario, for example the n um b er coun ts of lo w-energy (LBL) and high-energy

(HBL) BLOs. Sev eral surv eys ha v e sho wn that HBLs are less n umerous than LBLs, whic h is di�cult

to explain if HBL are less luminous than LBLs, as stated b y the original blazar sequence. The w ork

on the in trinsic blazar sequence w as nearly �nished b y the end of 2007, and will b e submitted in early

2008.
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Figure 5: The A GN team semi-regularly con v enes to c hec k the status of pap ers in preparation and

to plan future pro jects.

W ork on the man uscript on the long-term v ariabilit y of radio-brigh t BL Lac ob jects resumed in 2007.

It presen ts t w o sides of the v ariabilit y: the computational time scales using the structure function,

the discrete correlation function and the Lom b-Scargle p erio dogram, and the observ ed v ariabilit y as

de�ned b y �are parameters, e.g., duration, p eak �ux, rise time and deca y time, determined directly

from the �ux curv e. There are 24 BLOs for whic h the time scales could b e computed, and 13 of them

had a go o d enough �ux curv e to b e included in the �are analysis. T o get a full understanding of the

v ariabilit y b eha viour in the radio regime, w e use 7 frequencies: 4.8, 8, 14.5, 22, 37, 90 and 230 GHz.

Data from the three lo w est frequencies are courtesy of Margo and Hugh Aller from the Univ ersit y

of Mic higan Radio Astronom y Observ atory . Results so far indicate that BLO v ariabilit y has a wide

range. The BLO �ares seem roughly to adhere to the generalized sho c k mo del, alb eit incomplete

sampling mak es the time lags b et w een frequencies v ery di�cult to decipher. The radio v ariabilit y

study on BLOs is exp ected to b e �nished in the �rst half of 2008.

2.5.2 Long-term v ariabilit y

Pro ject T eam: T ornik oski , Ho v atta, Läh teenmäki, T orniainen, Niepp ola, V altao ja (T urku), Lainela

(T urku)

In 2007 w e con tin ued our w ork on long-term v ariabilit y of the w ell-monitored sources in Metsäho vi.

The pap er on statistical analysis of v ariabilit y timescales, for whic h the analyses w ere mainly done in

2006, w as accepted for publication in Astronom y & Astroph ysics in spring 2007 and published later

in the summer.

W e con tin ued to w ork on the same sample of 80 sources studied in the �rst pap er. This time w e

used the w a v elet-metho d to study the timescales and used only frequencies 22, 37 and 90 GHz. Our

�rst results sho w ed that with w a v elets w e get similar timescales as with the F ourier-based metho ds

of P ap er I, but the timescales are not necessarily presen t during the whole 25 y ears the sources ha v e

b een monitored, and either c hange or get fain ter o v er long time. This sho ws that the v ariabilit y in

these sources is not strictly p erio dic and the structure of the �ux curv es is v ery complex. This w ork

has b een done in collab oration with Harry Leh to from T uorla observ atory and the pap er on this w ork

will b e submitted in 2008.

In addition to v ariabilit y timescales, w e ha v e studied the �are c haracteristics of 55 w ell-monitored

sources. The basic analyses w ere mainly done already in 2005 in the Master's thesis of T alvikki

Ho v atta. W e calculated v arious �are parameters for 159 w ell-monitored �ares using data at 8 di�eren t

frequency bands b et w een 4.8 and 230 GHz. The lo w er frequency data at 4.8, 8 and 14.5 GHz

w ere pro vided b y the Univ ersit y of Mic higan Radio Astronm y Observ atory . W e calculated, e.g., the
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amplitude, the duration and, if p ossible, the time dela ys b et w een the di�eren t frequency bands. W e

found that at 22 and 37 GHz the �ares last on a v erage for 2.5 y ears. When this is com bined with

the results from the timescale analyses, whic h sho w that on a v erage �ares happ en ev ery 4 y ears w e

ma y need 5-7 y ears to see a source in its highest and lo w est activit y states. This clearly sho ws that

long-term monitoring is essen tial in understanding the b eha viour of these sources. F urthermore w e

studied the corresp ondence of the observ ations with the generalized sho c k mo del, whic h is used to

explain the radio v ariations. Our results sho w that in general the observ ations follo w the mo del,

altough there is still a lot of scatter in the data. Esp ecially the time dela ys b et w een the frequency

bands are di�cult to determine accurately due to gaps in the data. The results of this w ork will b e

published in 2008.

2.5.3 Planc k Satellite Science

Pro ject T eam Läh teenmäki , T ornik oski, Aatrok oski, T orniainen, V altao ja (T urku)

The Planc k satellite will map the sky at nine high radio frequencies from 30 GHz to 857 GHz, and

measure the cosmic micro w a v e bac kground (CMB) radiation. A t the same time all foreground radio

sources in the sky , including extragalactic radio sources, will b e observ ed, to o. Planc k will pro duce

unique all sky catalogs of sources at sev eral high radio frequencies. They will, �nally , �ll the gap in

the presen t radio surv ey data. The launc h of the satellite is sc heduled for Octob er 2008.

A dedicated Planc k Extragalactic P oin t Sources W orking Group (W G6) meeting to ok place in Orsa y ,

F rance, in F ebruary . A. Läh teenmäki, M. T ornik oski, and E. V altao ja participated. In view of the

up coming deadline of the �nal Planc k science programme, science areas to b e dev elop ed in to prop osals

w ere discussed. In Ma y the science prop osals de�ning the �nal science programme for Planc k w ere

submitted, in preparation for the approac hing launc h. The prop osals w ere then iterated b et w een the

W orking Groups and the Planc k Science T eam (PST), and the �nal science programme is exp ected

to b e ready in spring 2008. A. Läh teenmäki is the leader of �The Astroph ysics of Quasars and BL Lac

Ob jects� prop osal, whic h w as accepted to the Planc k �nal science programme. Our team participates

also in t w o other W G6 prop osals as dedicated team mem b ers (�The Astroph ysics of Extreme GPS

and In v erted Sp ectrum Sources� and �Statistical prop erties of radio and submillimeter sources in the

Planc k P oin t Source Catalogue�). A. Läh teenmäki w as also in vited to join the Planc k Galactic source

W orking Group (W G 7) prop osal �Late stages of stellar ev olution�, in whic h the QDS soft w are will

b e used for detecting galactic �ares.

The ann ual Planc k LFI and HFI Consortia meeting w as held in T oulouse, F rance, in June. A.

Läh teenmäki and I. T orniainen participated. W G 6 also met and discussed the latest dev elopmen ts

and plans. Concerns ab out the minimal funding of Finnish Planc k science w ere expressed during the

LFI Co-I meeting b y A. Läh teenmäki. The Co-Is, including PI R. Mandolesi, o�ered their supp ort if

suc h is needed.

In 2007 also the Planc k LFI and HFI Core T eams (CT) sprung in to action. Their purp ose is to

co ordinate the practical, hands-on w ork starting at launc h, ev en though some areas, suc h as comp o-

nen t separation metho ds, are already activ e. The mem b ership is limited, and 0.7 FTE con tribution

is required from the mem b ers. A. Läh teenmäki is a mem b er of the Non-CMB Core T eam Area

(CT A-09). The CT s organise meetings ev ery few mon ths, with the frequency increasing to w ards and

after the launc h. In addition, CT A-09 sta ys in touc h with telecons t wice a mon th. In No v em b er A.

Läh teenmäki participated in a Join t LFI and HFI CT meeting in Bologna, Italy , where a m yriad of

practical issues of handling the satellite, its instrumen ts, and data w ere thoroughly discussed.

Our observing prop osal for the Hersc hel satellite called �T arget of Opp ortunit y observ ations of in ter-

esting A ctiv e Galactic Nuclei detected with the Planc k Quic k Detection System� will b e endorsed b y

the PST, ev en though it could not b e submitted in the �rst Hersc hel Announcemen t of Opp ortunit y

cycle due to the fact that it is not a Key Pro ject. Ho w ev er, it is exp ected that b ecause of the PST

endorsemen t, Hersc hel Discretionary Time can b e giv en to in teresting QDS T arget of Opp ortunit y

pro jects.
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The preparatory w ork for Planc k con tin ued. Observ ations, analysis, and publication of our Planc k-

related A GN data w ere carried out in Metsäho vi in co op eration with our collab orators w orldwide.

The Quic k Detection System (QDS) soft w are has b een in tegrated to the LFI Data Pro cessing Cen tre

(DPC) in T rieste, Italy . A closer accoun t on the QDS status will b e giv en in Section 2.6.

The Finnish Planc k science group, led b y A. Läh teenmäki, met sev eral times during the y ear. The

a wkw ard �nancial situation of the Finnish Planc k researc h groups w as reliev ed considerably b y the

p ositiv e funding decisions of the A cadem y of Finland in Septem b er. This means that the extremely

imp ortan t w ork, whic h w as started almost 10 y ears ago, can no w con tin ue, and Planc k data can b e

fully exploited also in Finland. A common funding application to the Helsinki Institute of Ph ysics

(HIP) w as submitted b y the cosmology group of Univ ersit y of Helsinki, led b y H. Kurki-Suonio, and

the Metsäho vi team. The application w as successful and resulted in 50 000 EUR p er y ear for three

y ears, starting in 2008. The science group is no w en th usiastically lo oking forw ard to the launc h and

to w orking hard for mission success.

2.6 Quic k Detection System (QDS)

QDS is a soft w are pac k age designed to detect in teresting p oin t sources (for example, activ e galactic

n uclei, A GNs) in the time-ordered datastream of the Planc k satellite within one or t w o w eeks from

the time of the observ ation. A GNs are rapidly v ariable, in the timescale of a few da ys to a few w eeks,

and an y signi�can t ev en t m ust b e in v estigated without dela y . QDS mak es this p ossible b y alerting

observ atories for follo w-up observ ations when it detects something in teresting in the Planc k data.

The soft w are w as completed in 2006. In 2007 only some features, enhancemen ts and bug�xes w ere

added. The most notable of these w as up dating the in terface to the Planc k Lo w F requency Instru-

men t's Data Pro cessing Cen ter (LFI DPC) database, whic h no w uses the �nal format that will b e

used during the Planc k mission.

2.6.1 Multifrequency Observing Campaigns

Pro ject T eam T ornik oski , Läh teenmäki, T orniainen, Ho v atta, Niepp ola, K otiran ta, T urunen

As usual, w e to ok part in sev eral m ultifrequency campaigns in 2007, and did individual observing

requests, to o. T ypically w e supp ort the campaign with daily observ ations, and con tin ue regular

monitoring also b efore and after the core campaign. Metsäho vi radio data are in high demand, and

the n um b er of campaigns and requests ha v e steadily increased during the last few y ears.

Examples of recen t campaigns are the WEBT collab oration on 3C 454.3, and the relen tless monitoring

of OJ 287 in order to catc h the predicted outbursts in 2006 and 2007. W e are also regularly observ-

ing a handful of sources for VERIT AS Blazar Science W orking Group m ultiw a v elength campaigns

(1ES2344+514, 1ES1959+650, MARK 421, H1426+428, and MARK 501) and supp ort VERIT AS

T arget of Opp ortunit y campaigns. Prof. Alan Marsc her (Boston Univ ersit y , USA), for whom w e

observ e a list of sources in connection with VLBA monitoring programme, is one of our long-standing

and v alued collab orators.

2.7 Solar Researc h

Pro ject T eam: T ornik oski , Kallunki, Riehok ainen (Univ ersit y of T urku, T uorla Observ atory)

In 2007 w e con tin ued to use the 37 GHz frequency band (of the bigger telescop e) for observing Solar

maps during the summer mon ths. The n um b er of observ ation da ys w as around 30. A dditionally , the

86 GHz SIS-receiv er w as tested successfully for Solar observ ations in Octob er 2007.

The small telescop e (diameter 1,8 m) w as used for con tin uous monitoring of the whole Solar disk at

11,7 GHz. The data of the small telescop e w as used to detect solar oscillations during solar minim um
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(time of lo w activit y). It seems to b e that it is p ossible to observ e oscillation b eha vior at a time

in terv al b et w een 3-15 min utes. Origin of these oscillations migh t b e the sunsp ot structures.

2.8 Recreational ev en ts & k eeping �t

In 2007 w e con tin ued to encourage our sta� mem b ers to tak e care of their ph ysical w ell-b eing.

Our PhD studen t and a trained aerobics instructor Ilona T orniainen con tin ued organising short

"co�ee-break stretc hing sessions" to the sta� ca. t wice a w eek. A dditionally , she o�ered some

after-hours aerobics classes on the Metsäho vi bac ky ard la wn during the summer mon ths.

In Ma y w e once again participated in the Helsinki Cit y Run half marathon with a team of three

runners. Also some other Metsäho vi sta� mem b ers ha v e eagerly tak en up running and are planning

to en ter the ev en t in the coming y ears.

Due to the remote lo cation of the observ atory it is considered v ery imp ortan t that the sta� mem b ers

ha v e some basic kno wledge of �rst aid and also kno w ho w to react in emergency situation. In June

w e organised an ev en t where the Metsäho vi sta� w ere trained up in the basics of �rst aid, �re

distinguishing and acciden t & �re prev en tion.

Figure 6: Mikk o K otiran ta c hec king what's wrong

with Anne the Dumm y .

Figure 7: Solv eig Hurtta giving �rst aid.

Figure 8: The Metsäho vi �re crew getting ready . Figure 9: Mikk o K otiran ta practising with the �re

blank et.

15



Figure 10: Juha Kallunki putting out �re Figure 11: T alvikki Ho v atta's st ylish escap e during

p o w er failure.

In Septem b er w e had our ann ual recreational da y . This y ear the ev en t w as organised in the form

of an adv en ture trail in Karjaa. First w e sp en t sev eral hours on the trail, trying out the rides and

c hallenges, and afterw ards there w as lunc h and sauna.

Figure 12: The Killer Instinct (Merja T ornik oski). Figure 13: T alvikki Ho v atta clim bing.
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Figure 14: Juha Kallunki �ying in the air (just

b efore the attac hmen t system crashes!!!).

Figure 15: Learning team w ork.

Figure 16: Guifré Molera getting up in to the air...
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Figure 17: The Metsäho vi sta� and our visitors from the Helsinki Univ ersit y cosmology group enjo ying

their Christmas lunc h.

Figure 18: The m ultitalen ted Reijo Keskitalo from the HU cosmology group sang some traditional

Finnish Christmas songs.

The traditional Metsäho vi Christmas part y w as held on Decem b er the 18th. In addition to the

Metsäho vi sta� w e also in vited some colleagues from T uorla Observ atory , and the Helsinki Univ ersit y

cosmology group.
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3.3 Lab oratory Rep orts

1 T ornik oski, M., Mujunen, A., Hurtta, S. (editors): Metsäho vi Radio Observ atory Ann ual Rep ort

2006. Metsäho vi Rep orts HUT-KURP-33, 37 p., 2007.

3.4 Other Publications

1 Alitalo, P ., Jylhä, L, Karttunen, A., Luukk onen, O., Molera, G., V aa ja, M., V enermo, J., P o d-

lozn y , V., Sih v ola, A., T ret y ak o v, S., W allén, H.: Realization of an electromagnetic in visibilit y

cloak b y transmittion-line net w orks. 2007.

2 Molera, G., Mujunen, A., Ritak ari, J., W agner, J., Anderson, B.: EXPReS JRA1 F ABRIC Data

A cquisition Design. h ttp://www.jiv e.nl/doku wiki/doku.php/fabric:wp1_scalable_connectivit y ,

2007.

3 Molera, G., W agner, J., Ritak ari, J., Mujunen, A.: Comparison of t w o frequency syn thetisizers:

LMX2531 and ADF4360. h ttp://www.metsaho vi.�/en/vlbi/ib ob/Comparing-ADI-NA T.p df,
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3.5 Computer Soft w are

1 W agner, J.: Cell SPE T ask Library . h ttp://cellsp e-tasklib.sourceforge.net/

2 W agner, J.: IBM Cell Miniature 6-station 1024-p oin t correlator.

h ttp://cellsp e-tasklib.cvs.sourceforge.net/cellsp e-tasklib/cellsp e-taskli b/minicorrelator/

3 W agner, J.: User-space �le system for Conduan t StreamStor. h ttp://fusemk5a.sourceforge.net/

4 W agner, J.: T sunami UDP Proto col - T sunami v ersion 1.2 for P etabit net w orks.

h ttp://tsunami-udp.sourceforge.net/

5 W agner, J.: Metsäho vi PC-EVN Automated Observ ation Scripts.

h ttp://www.metsaho vi.�/vlbi/instr/mro-vsib-p c/recexpt/

4 Visits to F oreign Institutes

ESA Headquarters, P aris, F rance, 18.-19.1. and 8.-10.10., M. T ornik oski

Stanford Univ ersit y , USA, 3.-9.2., M. T ornik oski, A. Läh teenmki

W ettzell, German y , August 2007, PC-EVN setup and consultation, J. W agner

ESTEC, No ordwijk, Netherlands, 17.-18.4. and 11.-13.9., M. T ornik oski

Osserv atorio Astronomico di T rieste, T rieste, Italy , 21-26.10.2007, J. Aatrok oski

Chalmers Univ ersit y of T ec hnology , Göteb org, Sw eden, 11.12., M. T ornik oski

Y eb es, Spain, Decem b er 2007/Jan uary 2008, PC-EVN setup and consultation, G. Molera

5 Visiting Scien tists

Vladimir Ga vrilo v, IEM K v arz, Russia, 5-9.2.2007

Dr.V y ac hesla v V do vin, RAS Institute of Applied Ph ysics, Russia, 8-11.10.2007, 31.10-1.11.2007

Alexander Sh tan yuk, RAS Institute of Applied Ph ysics, Russia, 8-16.10.2007

Oleg Bolshak o v, RAS Institute of Applied Ph ysics, Russia, 8-16.10.2007

Vladimir Noso v, RAS Institute of Applied Ph ysics, Russia, 31.10-2.11.2007

Igor Zinc henk o, RAS Institute of Applied Ph ysics, Russia, 1.11.2007

Prof. Alexandr Stepano v,RAS, Pulk o v o Observ atory , Russia, 22.5.2007

Dr. V.V. Zaitsev, RAS, Pulk o v o Institute of Applied Ph ysics, Russia, 22.5.2007

Dr. Marat Mingaliev, Sp ecial Astroph ysical Observ atory , Nizhnij Arkh yz, Russia, 14-16.8.2007

Julia Sotnik o v a, Sp ecial Astroph ysical Observ atory , Nizhnij Arkh yz, Russia, 14-16.8.2007

Dr W alter Brisk en, NRA O So corro, USA, 27.5.2007

Rafael Bac hiller, National Radio Astronom y Observ atory , Spain, 27.5.2007

6 Thesis

W agner, Jan M.Sc.(T ec h) thesis: Dev elopmen t of Real-time V ery Long Baseline In terferometry Sys-

tems at the Metsäho vi Radio Observ atory . Helsinki Univ ersit y of T ec hnology , Departmen t of Com-

puter Science and Engineering.

7 T eac hing

S-92.4605 P ost-graduate seminar on Space T ec hnology I I: Satellite astronom y , M. T ornik oski, A.

Läh teenmäki
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8 Other A ctivities

Ev aluator of a do cen ture application of Dr. Jaan P elt, Univ ersit y of Helsinki. M. T ornik oski

Ev aluator for a researc h gran t application to the Researc h Council of Norw a y , M. T ornik oski

Ev aluator for Europ ean Space Agency's "Cosmic Vision" satellite prop osals, M. T ornik oski

Referee for Pro ceedings of Fifth Stromlo Symp osium �Disks, winds & jets �from planets to quasars�,

A. Läh teenmäki

Planc k satellite Co-In v estigator, Planc k Scien tist, A. Läh teenmäki

Planc k satellite's LFI consortium, Scien ti�c Asso ciate, M. T ornik oski

A cadem y of Finland Researc h F ello w 1.8.2005 � 31.7.2010, A. Läh teenmäki

�Planc k �unlo c king the secrets of the Univ erse� Outstanding Junior Researc h Group of Helsinki

Univ ersit y of T ec hnology for the academic y ears 2006 � 2007 and 2007 � 2008, A. Läh teenmäki

V ery Energetic Radiation Imaging T elescop e Arra y System (VERIT AS) collab oration, asso ciate mem-

b er, M. T ornik oski, A. Läh teenmäki

8.1 P articipation in Boards and Committees

In ternational Union of Radio Science (URSI), Finland's delegate to the Scien ti�c Comission J (Radio

Astronom y , M. T ornik oski

Europ ean Southern Observ atory , Finland's represen tativ e to the Users Committee, M. T ornik oski

Global Millimetre VLBI Arra y , referee of observing prop osals, M. T ornik oski

Europ ean Space Agency , mem b er of the Astronom y W orking Group, M. T ornik oski

Onsala Space Observ atory Time Allo cation Committee, M. T ornik oski

Researc h Council of Norw a y , ev aluator for researc h funding application, M. T ornik oski

Europan Space Agency , ev aluator of the ESA Cosmic Vision 2015 satellite prop osals as a mem b er of

the ESA A W G, M. T ornik oski

Publications of the Astronomical So ciet y of Japan, referee, M. T ornik oski

EXPReS Consortium Board, c hairman, A. Mujunen

ESF Committee for Radio Astronom y F requencies, CRAF, Finland's represen tan t, J. Ritak ari

Finnish Astronomical So ciet y , vice c hairman from 1.6.2007, Elina Niepp ola

Finnish Astronomical So ciet y , secretary un til 1.6.2007, Ilona T orniainen

EVN CBD and EXPReS Board meetings, Esp o o, Finland, 28-29.5.2007, LOC, A. Mujunen

Steering group mem b er of the Ministry of Education graduate sc ho ol of astronom y and space ph ysics,

A. Läh teenmäki

Mem b er of the Planc k/TEKES 70 GHz instrumen t steering group, A. Läh teenmäki

Mem b er of the EXPReS e VLBI Science A dvisory Group, A. Läh teenmäki
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8.2 In ternational Meetings and T alks

AMS-02 T ec hnical In ternational Meeting, Houston, USA, 6.1.-13.1.2007, G. Molera

ESA A W G, ESA Headquarters, P aris, F rance, 18-19.1.2007, M. T ornik oski

The First GLAST Symp osium, Exploring the high-energy univ erse, Stanford Univ ersit y , P alo Alto,

California, USA, 3-9.2.2007, M. T ornik oski, A. Läh teenmäki

Planc k W orking Group 6 (Extragalactic p oin t sources) meeting, Orsa y , F rance, 13-14-2.2007, M.

T ornik oski, A. Läh teenmäki

EXPReS EU Pro ject Ann ual Review at Commission, Brussels, Belgium, 16-18.4.2007, A. Mujunen

ESA A W G, ESTEC, No ordwijk, The Netherlands, 17-18.4.2007, M. T ornik oski

Bologna Digital Receiv ers Conference and dBBC Critical Review meeting, Bologna, Italy , 22-25.4.2007,

A. Mujunen

Europ ean VLBI Net w ork Consortium Board of Directors + Executiv e meeting, Esp o o,Finland, 28.-

29.5.2007, M. T ornik oski, A. Mujunen, A. Läh teenmäki, J. Ritak ari, J. W agner, G. Molera

Planc k Consortium meeting 2007, T oulouse, F rance, 18-20.6.2007, A. Läh teenmäki, I. T orniainen

Esa A W G, ESA Headquarters, P aris, F rance, 11-13.9.2007, M. T ornik oski

DiFX soft w are correlator meeting, Bonn, German y , 13-14.9.2007, G. Molera, J. W agner, J. Ritak ari

F abric meeting Conference, Bonn, German y , 17-19.9.2007, G. Molera, J. W agner, J. Ritak ari

6th In ternational e VLBI W orkshop, MPIfR, Bonn, German y , 13-19.9.2007, J. Ritak ari, J. W agner,

G. Molera

EU EXPReS-F abric WP1 Meeting in MPIfR and FP7 mm VLBI prep meetings Bonn, German y ,

19-22-9.2007, A. Mujunen, J. W agner

ESA A W G, ESA Headquarters, P aris, Prance, 8-10.10.2007, M. T ornik oski

Nordunet e VLBI meeting, Nordunet, Cop enhagen, Denmark, 31.10.2007, J. Ritak ari

AMS-02 Financial Review Committee meeting, CERN, Genev e, Switzerland, 7-8.11.2007, A. Mujunen

Planc k LFI Core T eam meeting, Bologna, Italy , 5-9.11.2007, A. Läh teenmäki

EVN T ec hnical Op eration Group and Consortium Board of Directors meetings, Madrid, Spain, 12-

14.11.2007, A. Mujunen, J. Ritak ari

Onsala Space Observ atory , OSO 20 m + APEX meeting, Gothen burg, Sw eden, 11.12.2007, M.

T ornik oski

e VLBI Bits and Bytes meeting, Jo drell Bank, Manc hester, England, 17-18.12.2007, J. Ritak ari

8.3 National Meetings and T alks

Radio v ariabilit y of A GN, Suurenergia-astrofysiik an ja k osmologian seminaari, Helsingin yliopisto,

19.9.2007. T alvikki Ho v atta.

Cospar 2007, 4 � 5.10.2007, Esp o o, A. Läh teenmäki, M. T ornik oski
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8.4 P articipation in win ter and summer sc ho ols

The George W ashington Univ ersit y , The 5th In ternational X-ra y Astronom y Sc ho ol, W ashington DC,

USA, 5-12.8.2007, T. Ho v atta, E. Niepp ola

Summer Sc ho ol on Time Series Analysis, Elv a, Estonia, 3-7.9.2008, E. Niepp ola, T. Ho v atta

In ternational summer sc ho ol of VLBI, Bonn, German y , 10-14.9.2007, G. Molera, J. W agner

8.5 Public Relations

Tiede 2/2007 �Ab out gamma-ra y astronom y and the GLAST symp osium�, A. Läh teenmäki

Tiede 4/2007 �K v asaarit teh tailev at aina v ain uusia m ysteerejä�, A. Läh teenmäki, M. T ornik oski

F orum för ek onomi o c h teknik 5/2007 �Planc k sk a lyssna till Ursmällen�, A. Läh teenmäki
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9 P ersonnel in 2007

P ermanen t P ositions funded b y the Helsinki Univ ersit y of T ec hnology

T ornik oski, Merja, Dr.T ec h. Director of the institute Merja.T ornik oski@h ut.�

Do cen t of Radio Astronom y and

Space T ec hnology

Hurtta, Solv eig, Ms. Departmen t Secretary , part-time Solv eig.Hurtta@h ut.�

Mujunen, Ari, M.Sc. (T ec h) Lab oratory engineer Ari.Mujunen@h ut.�

Oinask allio, Erkki, Mr. T ec hnician Erkki.Oinask allio@h ut.�

P eltonen, Juhani, Dr.T ec h. Lab oratory engineer, part-time jussi@kurp.h ut.�

Rönn b erg, Henry , Mr. Mec hanician

Scien ti�c and T ec hnical Sta� F unded b y Researc h Con tracts

Aatrok oski, Juha, M.Sc.(T ec h) System administrator jha@kurp.h ut.�

Ho v atta, T alvikki, M.Sc. (T ec h) Researc her tho@kurp.h ut.�

Kain ulainen, Jouni, M.Sc. Civilian serviceman from 27.12.2007 jtk ain ul@kurp.h ut.�

Kallunki, Juha, M.Sc. (T ec h) Op erations engineer k allunki@kurp.h ut.�

Kirv es, P etri, M.Sc. (T ec h) Op erations engineer from 26.11.2007 pkirv es@kurp.h ut.�

K otiran ta, Mikk o, studen t Researc h assistan t, part-time 1.1-31.5.2007, mk o@kurp.h ut.�

full time from 1.6.2007

Lindfors, Elina, M.Sc. Researc her 1.10-31.12.2007

Lindfors, Timo, studen t Researc h assistan t, part time 1.1-31.5.2007 lindi@kurp.h ut.�

and 1.9-31.12.2007, full time 1.6-31.8.2007

Läh teenmäki, Anne, D.Sc.(T ec h.) A cadem y Researc h F ello w alien@kurp.h ut.�

Molera Calv és, Guifré, M.Sc. (T ec h) Researc her gofrito@kurp.h ut.�

Niepp ola, Elina, M.Sc. Researc her eni@kurp.h ut.�

Ritak ari, Jouk o, M.Sc. (T ec h) Researc her jr@kurp.h ut.�

T orniainen, Ilona, M.Sc. (T ec h) Researc her ilo@kurp.h ut.�

T urunen, Miik a, studen t Researc h assistan t part-time 1.1-31.5.2007 maturun@kurp.h ut.�

and 1.9-31.12.2007, full time 1.6.2007-31.8.2007

W agner, Jan, studen t researc h assistan t jw agner@kurp.h ut.�

Metsäho vi A dvisory Committee

K orp ela, Sepp o, Dir. T ansk anen, P ekk a, Prof.

K oskinen, Hann u, Prof. Tiuri, Martti, Prof.emer., M.P . (Chair)

Nygren, T uomo, Prof. T ornik oski, Merja, Director (Secretary)

Somervuo, P ekk a, Dr.T ec h. V altao ja, Esk o, Prof.
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